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PREFACE 
My thesis work has been part of a larger, multi-disciplinary project at Wayne State funded 
by the US Army Corps of Engineers in 2010.  This study aims to study past and predict future 
sediment accumulation rates and remaining life span and storage capacity of several man-made 
dams in the Great Lakes watershed, focusing specifically on how human-induced land use changes 
affect these sedimentation rates.  Twelve reservoirs were selected for study by the USACE and 
Wayne State University (Departments of Geology and Civil and Environmental Engineering).  
Sediment loading rates were determined using direct collection techniques for present conditions, 
as well as radionuclide dating techniques for historical conditions.  Twelve sites were selected for 
detailed analysis, chosen specifically to represent a range of different land uses, watersheds, and 
sedimentary environments.  
 
Figure I:  Location of USACE study sites. 
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CHAPTER ONE 
INTRODUCTION 
1.1 Background Information 
Anthropogenically-induced changes in the watersheds of smaller lakes in the Mid-western 
United States have direct bearing on the alteration of the flora and fauna of the Great Lakes region.  
Large-scale industrial logging of primeval forests throughout the 19th and early 20th centuries has 
resulted in the mass conversion of forested land to agricultural land.  This in turn has led to 
increased sediment runoff from watersheds into these dams via watershed flow.  This sediment 
ends up in the impoundment basins, becoming a permanent part of the historical record of the 
watershed.  Increased sedimentation leads to a loss of water depth, which in turn results in loss of 
wildlife habitat and increased flooding.  From the sediment record, we can reconstruct the 
environmental and ecological history of the dam and its watershed, quantifying how these human 
practices have altered the biogeochemical signature of the sedimentary record.  The amounts of 
sediments trapped in these man-made impoundments would otherwise end up in the Great Lakes, 
hence affecting sediment delivery to these lakes.  Furthermore, larger regional dams (>15 m from 
the foundation and with a reservoir volume of 3 x 106 m3) lead to regional and systematic changes 
in large-scale land use and land cover due to multiple purposes they trigger (Hossain et al., 2009).   
This present study has a direct relevance to the biogeochemical changes caused by humans in 
other impoundments in United States and other parts of the world.  We have chosen two 
Midwestern sites to study, with the hope of observing how the source of organic matter to these 
dams has changed over time.  The organic matter in these impoundments is mostly derived from 
plant material, as well as from the biochemical components of organisms that live in and around 
the water body.   
10 
 
Two Great-Lakes regional sites were selected for study: Webber Dam (WD) and Goshen Pond 
Dam (GPD).  Webber Dam is located in Lyons, Ionia County, Michigan, and Goshen Pond Dam 
is in Goshen, Elkhart County, Indiana.  The study sites are shown on the next page in Figure 1.1(a).  
Sediment coring was carried out at both impoundments in 2010 using a vibra-coring unit. A total 
of 9 and 11 sediment cores were collected at Webber Dam and Goshen Pond Dam, respectively 
(Figure 1.1 (b), 1.1 (c)).  Of the collected cores, 3 sediment cores from each impoundment, 
representing the whole impoundment, were analyzed for radionuclide dating and stable isotopes 
(Table 2.1). 
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Figure 1.1: (a) Location of Webber Dam, MI and Goshen Pond Dam, IN.  (b) Location of Webber Dam Cores.  (c) Location of 
Goshen Pond Dam cores. 
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Webber Dam, located on Michigan’s Grand River, is shown above in Figure 1.1(b).  The dam 
has a drainage area of 4.53 x 103 km2 and discharges into Lake Michigan.  Webber Dam is currently 
the oldest operating dam owned by Consumer’s Energy.  It was constructed in 1907 and began 
operations in March of that year.  Today, the surrounding land is primarily agricultural.  A brief 
history of land use changes in and around the dam is given in Table 1.1.   
 
Table	1.1	Significant	Events	in	the	History	of	Webber	Dam	
	 	
Date	 Event	
	 	
1700s	 Native	American	tribes	settle	in	the	area,	hunting	and	fishing	on	the	land.	
1800s	 Land	use	in	the	area	mostly	forested.	
1906	 Land	and	rights	to	construct	a	dam	purchased.	
1907	 Dam	begins	operation,	generating	electricity	for	the	area.	
1990	 Population	of	Ionia	country	reaches	57,024.	
2000s	 Land	use	primarily	agricultural	and	developed.	
		 		
 
Major flooding events in the history of this dam were determined via analysis of data generated 
using US Geological Survey (USGS) sediment gages upstream of Webber Dam.  Flood events are 
significant because they are expected to provide greater fluxes of sediment to the water body, and 
may affect the chronology, disturbing the vertical core profile of 210Pb.   
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Goshen Pond Dam, shown in Figure 1.1(c) is located on the Elkhart River in central 
Indiana.  The drainage area of Goshen Pond Dam is 1.44 x 103 km2.  The Elkhart River flows into 
Elkhart County, which forms the Goshen Pond that eventually drains into the St. Joseph River.  
Construction on Goshen Pond Dam was completed in 1868 to supply power for milling, and was 
later used for hydroelectric power generation.  The generating plants closed in 1962.  Today, the 
surrounding land is agricultural, and the water body itself is used extensively for recreational 
purposes.  These historical details can be seen in Table 1.2.  Flood analysis was also constructed 
using USGS sediment gages, with the record for Goshen Pond also extends to 1953 (Hui, 2014). 
 
 
Table	1.2:	Significant	Events	in	the	History	of	Goshen	Pond	Dam	
		 		
Date		 Event	
		 		
1866	 Construction	begins	on	Goshen	Pond	Dam.	
1868	 Construction	completed.	Dam	begins	operation	to	supply	power	for	milling	and	hydroelectric	power	generation.	
1900s	 Dam	principal	spill	way	fails.		Alterations	made	to	structure	and	alignment	of	dam	and	spillway.	
1962	 Generating	plants	are	closed.	
2000	 Population	of	Elkhard	County	reaches	29,383.	
2000s	 Landuse	primarily	agricultural	and	developed.	
		 		
 
.  
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1.2 Significance of Study Sites 
All sites in the larger USACE study were selected to show a range of land use and watershed 
environments in order to better understand how these land use changes may contribute to varying 
sedimentation rates.  The two sites in this particular study represent primarily agricultural 
watersheds; however, there is some industry and recreation in and around Goshen Pond Dam.  
Both were primarily forested until mass industrialization began to spread throughout the greater 
region, and these major watershed changes are expected to reflect in the isotopic signature of the 
sediment.   
Shallow-water lakes were selected for this study because the surface area of such water bodies 
are far smaller, with much higher watershed area to lake area ratios, and will thus receive 
proportionately more land-derived clastic sedimentary particles.  Higher sedimentation rates, 
coupled with shorter particle sinking times (and hence exposure to oxidation in the water column) 
will result in significantly higher organic matter in these sediments.  These higher sedimentation 
rates translate to finer time resolution of historical environmental changes (Meyers, 2003).  
Moreover, sediment cores taken from the bottom of such impoundments often provide researchers 
with a complete history of the water body, from construction to present.  The specific sites selected 
for the broader USACE study are all approximately on the order of 100-150 years old.  Due to the 
fact that this study seeks to correlate sedimentation rate with historical land use changes, it is 
extremely useful to have a sediment core capturing the dam’s complete history—from 
construction, to the present day.   
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1.3 Applicability of 210Pb and 137Cs in Sedimentation Studies 
Lead-210 is an invaluable tool for dating sediment cores, particularly recent (~ up to 120 years) 
sediment cores.  210Pb is a member of the 238U decay series (Figure 1.2) produced primarily in the 
atmosphere from the decay of atmospheric radon ( 222Rn). Radon is a noble gas produced in the 
238U decay chain. A small fraction of the radon produced in soils, rocks and minerals escapes the 
grain boundary, it embarks on its journey in the atmosphere via advection and diffusion. There is 
no removal of this radon either by physical or chemical means, but the only removal is by 
radioactive decay.  210Pb is produced from the decay of 222Rn (Figure 1.2), which in turn is 
scavenged by the atmospheric aerosols and brought down to earth surface primarily by wet 
precipitation. Once it is delivered to the surface waters, 210Pb then sorbs strongly to suspended 
particles which eventually settle down. The sediment surface has excess 210Pb (210Pbxs, excess 210Pb 
= total 210Pb – parent-supported 210Pb, 226Ra) which subsequently decrease exponentially with 
depth. From the vertical profiles of 210Pbxs the sediment accumulation rate can be calculated.  
Unfortunately, few water bodies are constant depositional environments—and a significant 
fraction of recently deposited sediments are subject to storm events, bioturbation, turbid and 
bottom currents, and recreational activities such as deep-water fishing.  All of these events and 
activities can lead to a disturbed sediment core complicating the sedimentary record.  Because of 
this, despite its unique utility its half-life provides, 210Pb is almost always used in conjunction with 
another dating method to help validate the 210Pb-based chronology (Smith, 2001, Baskaran et al., 
2014).   
16 
 
 
Figure 1.2: 238U decay series. 
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In this study, we use fallout cesium-137, a product of nuclear weapons testing, which reached 
a maximum fallout level in 1963, along with 210Pb to establish the chronology.  The amount of 
137Cs fallout since the 1970s has been negligible, so the peak fallout corresponding to 1963 can be 
used as a marker horizon to date our cores.  For example, in the following figure (Baskaran et al., 
2014), Figure 1.3, a sample plot of 137Cs activities with depth of a sediment core is shown.  Note 
the first appearance at the bottom of the graph.  This corresponds to 1952, and the maximum peak 
shown (between 50 and 60 mBq g-1) corresponds to the year 1963 when atmospheric fallout from 
weapons testing reached its maximum.  Values drop as the core nears the surface, corresponding 
to the year it was collected. 
 
 
 
Figure 1.3: Sample 137Cs peak (Vertical profiles of 137Cs in a sediment core from Hendrix Lake, southwestern Arkansas, USA, 
reproduced from Baskaran et al., 2014).  . 
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1.4 Applicability of 13C and 15N in Watershed Studies 
Vertical profiles of organic matter in a sediment core provide valuable paleoenvironmental and 
paleoecological records.  Stable isotopic composition of carbon and nitrogen in dated sediment 
cores can be utilized to reconstruct natural and human-induced changes in local and regional 
environmental systems.  The organic matter derived from aquatic sources and land sources are 
often different, mainly due to the presence of cellulose in the plant sources of organic matter.  
Careful study of the carbon and nitrogen isotope ratios allow us to assign a dominant source of 
primary organic material to the dam basin.  This, along with a reliable chronology, allows us to 
correlate these shifts in organic matter source to historical watershed changes.   
1.5 Review of Previous Work 
1.5.1 Sediment Dating Using 210Pb and 137Cs 
Rama et al. (1961) study of lead-210 was the first one in in marine environment.  They 
showed that dissolved 210Pb was removed from the Colorado River very quickly and the residence 
time of 210Pb in the mixed layer was observed to be less than 2 years. The first article on the dating 
of sediments using 210Pb was first shown by Goldberg (1963). Subsequently, sediment cores from 
lacustrine and coastal marine sediments were dated by Krishnaswamy et al. (1971 – lacustrine 
sediment) and Koide et al. (1972- coastal marine sediment).  
The sedimentation rates were calculated based on 210Pbxs profiles using the assumption that 
deposition rates remain constantover the length of the core, the basis for our constant-
flux:constant-sedimentation (CFCS) model for 210Pb age determination.  Rates in these localities 
ranged from 1.2 to 40 mm yr-1.  Sedimentation rates based on 210Pb and 55Fe in this study were 
consistent with one another.  Davis et al (1984) analyzed vertical profiles of 137Cs and 210Pb in 
sediment cores from Scandinavia and New England, and further compared these dates using pollen 
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biomarkers.  Chronology obtained using 210Pbxs profiles and pollen record agreed fairly well with 
one another; however, 137Cs profiles deviated from the expected fallout curve.  Maximum 
concentrations of both 210Pb and 137Cs was found at the top of the sedimentary column.  This 
research group attributed this to the down-core diffusion of 137 rather than biological mixing 
processes or physical sediment mixing because of the fact that the starting point of the 137Cs peak 
appeared at the 210Pb-calculated point of the early 1950s, consistent with the start of weapons 
testing.  
Oldfield and Appleby (1984) further applied the 210Pb method to sediment cores in several 
lakes, with a focus on how to apply 210Pb as a reliable dating method when the column has been 
disturbed by some method of sediment resuspension that leads to a non-ideal 210Pb profile.  These 
researchers identified processes that led to a shift in sedimentation rates, and discussed how the 
CRS model could accommodate such processes.  Cores that have non-ideal 210Pb profiles could 
not be used to establish reliable chronologies and sedimentation rates.  Oldfield and Appleby took 
these cases and modified the CRS model to account for these above-mentioned profiles.  They 
accomplished this by using magnetic properties of minerals in the sediment cores of study to 
correlate cores from the lake bed with one another in order to define a lake-wide model with a 
reasonable degree of certainty.   
With the acceptance of 210Pb as a reliable dating method for ideal profiles for recent 
sediment in both marine and lacustrine environments, the need to account for non-ideal profiles 
with variable rates of sedimentation accumulation grew.  Robbins (1978) and Appleby and 
Oldfield (1992) examined the use of 210Pb in the case of a freshwater lake, with different dating 
models.  The central purpose of this study was to analyze models that take this variability into 
account, and study the degree to which the model-based parameters affected the calculated age-
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depth curves.  According to Appleby and Oldfield, most studies assuming a constant atmospheric 
influx of 210Pb and constant sediment mass flux yielded reliable results. This model, termed the 
constant-flux:constant-sedimentation model, produces a linear Ln(210Pb) profile with steady 
decline of 210Pbxs activity with depth.  As most depositional environments are less than ideal, 
researchers have employed two additional models: the constant rate of supply (CRS) and the 
constant initial concentration (CIC) model to obtain sediment accumulation rates that will agree 
with other independent dating methods, such as pollen record, 137Cs profiles, etc.  The CRS model, 
described by Robbins (1978) and Appleby et al. (1979), allows 210Pb activity to vary with mass 
accumulation rate, while the CIC model introduced by Robbins (1978) assumes a constant initial 
210Pb concentration in the core.  The most important factors to consider when choosing a model 
are the geological and geochemical processes in the area of study, as well as previous 210Pb data 
from the area.  These dating models allow researchers to bridge the gap between the different 
aspects of the dynamic depositional environment and profiles of measured 210Pb.  Dates calculated 
using different models for 210Pb dating were compared by Oldfield et al. (1978).  They calculated 
210Pbxs-based ages on samples taken from freshwater sedimentary environments in Papua New 
Guinea.  This research group used a carbon-14 dated volcanic ash layer to verify model-calculated 
dates, and found that the CRS model yielded dates that agreed with the established chronology, 
while the CIC model did not agree well in this environment.   
Jweda and Baskaran (2011) studied 210Pb and 137Cs in the context of using these 
radionuclides to investigate past contamination of a water system, with a focus on attempting to 
quantify mixing rates in river systems in the Clinton River -Lake St. Clair River system in 
Michigan.  They found that in many of the cores, highest 210Pbxs activities occur below surficial 
sediment layers, which they attributed to upper-core bioturbation and resuspension processes. 
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They used all three the age models of Robbins (1978) and Appleby and Oldfield (1992) (CF:CS, 
CRS, and CIC), along with the 137Cs-peak based method.  They compared ages calculated using 
all four methods.  While a large-scale lake or river wide trend was difficult to define, Jweda and 
Baskaran noted the general consistency between CRS, CF:CS, and 137Cs- based ages.   Lead-210-
based sedimentation and mass-accumulation rates for the sediment cores ranged from 0.36 to 2.25 
cm yr-1 and 0.53 to 1.14 g cm-2 yr-1, respectively.  Cesium-137 based sedimentation and mass-
accumulation rates ranged from 0.39 to 2.56 cm yr-1, and 0.50 to 1.32 g cm-2 yr-1, respectively.  
The researchers also observed higher inventories of 137Cs and 210Pbxs than what is expected in the 
region, which was attributed to watershed erosional input.   
 Subsequently, Baskaran el al. (2014) conducted a study using 210Pb and 137Cs in a 
freshwater environment affected by large-scale watershed changes (oxbow lake in Arkansas).  This 
study also analyzed all three 210Pb-age calculation models and their applicability, focusing on each 
model’s utility in different vertical profiles.  This study location had a well-defined historical 
record of surrounding landuse changes, particularly watershed deforestation.  Concentrations and 
inventories of 210Pb, 226Ra, and 137Cs were measured and calculated.  For age model and 
sedimentation rate calculations using 210Pb, Baskaran et al. determined that the CIC age model was 
not appropriate because measurements indicated that the initial concentration varied throughout 
core.  The CRS model was also deemed inappropriate in this sedimentary setting because 
atmospheric input was wide-ranging, as reflected in varying 210Pb activities.  The CF-CS model 
did not yield ages consistent with the 137Cs-peak based ages. Because of this, sediment ages and 
sedimentation rates were calculated using the peak-based 137Cs method (verified using Hg 
concentrations), yielding a linear sedimentation rate of 0.96 cm yr-1 and a mass accumulation rate 
of 0.99 g cm-2 yr-1.  These rates agreed very well the rates obtained using Hg peak; the historical 
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record documents the age when the Hg mining reached a peak and thus, excellent agreement 
between 137Cs-based method with that historical time-marker (in this case peak Hg mining activity) 
method suggests that there are problem with the Pb-210 dating method for this watershed. 
Baskaran et al. discussed the factors that lead to this non-ideal 210Pb profile, among them variations 
in atmospheric deposition of 210Pb, as well changes that lead to variable watershed input, in this 
case, likely an abnormally large sedimentary load of 210Pb for this region that may be due to 
watershed deforestation. 
1.5.2 Stable Isotopes in Freshwater Systems 
While a great deal of work has been done using stable carbon and nitrogen isotopes to 
investigate paleolimnological changes in freshwater bodies, the focus has often been lakes and 
rivers—very few studies have focused on dams.  Hodell and Schelske (1998) conducted a historical 
study on Lake Ontario, investigating the sediment samples collected at the same locality over a 
three-year span in order to better study seasonal changes in productivity.  Both sediment traps and 
coring were employed, with traps allowing for better interpretation of vertical variation through 
the sediment cores.  This study reported a great deal of seasonal variability, with an increase in 
organic matter influx occurring in the summer months, and concluded that diagenetic changes 
could have affected the surficial  concentrations of OC and total nitrogen and their isotopic 
composition.  Hodell and Scheleske discussed how such changes often lead to a decrease in the 
mass accumulation of organic carbon.  The researchers attributed later increases in δ15N to 
increased use of nitrates, as well as sewage inflow.  From a synthesis of a large set of published 
data on the Great Lakes, Meyers (2003) also evaluated the variations of organic matter content in 
freshwater sediments, along with different organic geochemical proxies used for 
paleolimnological reconstructions, focusing on what information can be retrieved from organic 
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matter in freshwater sediments. As preserved organic carbon in sedimentary record is vital to 
assign the primary source of organic matter to the basin, Meyers (2003) attempted to relate the 
changes in the OC content along with δ13C changes to changes in productivity in the lake..  From 
a review of the existing published data, Meyers (2003) evaluated the factors that could have caused 
the changes in δ13C and δ15N, either produced internally or outside the lake  Meyers discussed how 
carbon to nitrogen ratios in the lake sediment are indicative of a dominant algal source of organic 
matter, while other biomarkers often indicate the opposite.   
Vreca and Muri (2010) conducted a similar study; however, the primary focus here was on 
proxy indicators of organic matter in several eastern European mountain lake sites.  Vertical 
profiles of organic carbon and total nitrogen concentrations were determined and analyzed to 
evaluate historical shifts and trends.  While the lakes all represented different watershed areas with 
different biogeochemical environments and settings, they were nearly all dominated by an internal 
source of organic material.  δ13C and δ15N values in this study ranged from −36.1 to −14.1‰, and 
from −5.2 to +1.1‰, respectively.  
1.6 Objectives of this Study 
The central purpose of this study is to investigate local sediment dynamics and shifts in primary 
sources of organic matter.  Sedimentation and mass accumulation rates will be determined using 
210Pb and 137Cs for both selected impoundments.  The broader USACE study is the first of its kind 
on such a scale, aiming to define regional trends in sediment dynamics.  The focus of this study is 
to correlate this information, along with stable isotope data, with a historical index of known 
changes that have occurred.  This will allow us to assign possible causes for changes in primary 
sources of organic matter, and provide a model for other dams that are a part of this sedimentation 
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study.  We have chosen these two impoundments (Figure 1.1) to investigate the historical 
variations in concentrations of carbon and nitrogen isotopes to address the following questions:   
1. How do the three model-derived ages based on vertical profiles of excess 210Pb and 
137Cs-peak-derived ages compare in two different lakes in the Midwestern United 
States?  
2. What factors and processes determine which of the three commonly-used excess 
210Pb-based models are suitable in obtaining reliable chronology over the past ~100 
years? and 
3. How does the isotopic composition of carbon (δ13C), nitrogen (δ15N) and C/N ratios 
vary at three sites in a dated core for three different times and what are the possible 
reasons for such variations? 
Answers to these questions will provide us with information regarding historical watershed 
changes, allowing us to broaden the scope of the USACE study and attempt to define regional 
trends.   
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CHAPTER TWO 
METHODS AND MATERIALS 
2.1 Introduction 
Measurements of radionuclides in sediment cores to establish a reliable chronology were 
conducted by gamma-ray and alpha spectrometry on sediment cores.  Measurements of stable 
carbon and nitrogen isotopes were conducted using isotope-ratio mass spectrometry. 
2.2 Field Sampling 
Sediment coring was carried out at all sites in 2010-11 using a vibra-coring unit. A total of 9 
sediment cores were collected at Webber Dam, and 11 were collected at Goshen Pond Dam.  After 
core collection, the acetate butyrate core tubes were transported vertically to the laboratory where 
they were frozen to prevent loss of organic material that may be needed for future analysis.  Of the 
collected cores, 3 sediment cores from each Webber (Figure 2.1, Table 2.1) and Goshen Pond 
Dams (Figure 2.2, Table 2.1) were analyzed for radionuclide and stable isotopes, shown in greater 
detail below.   
 
Figure 2.1: Precise location of Webber Dam cores 
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Figure 2.2: Precise location of GPD cores. 
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Table 2.1: Locations and mean water depth for cores of study. 
Core	 Latitude	(N)	 Longitude	(W)	 Mean	Water	Depth	(m)	
	 	 	 	
WD-1	 42.95261	 84.90424	 4.4	
WD-6	 42.93526	 84.90887	 0.9	
WD-11	 42.93281	 84.90141	 1.3	
	 	 	 	
GPD-1	 41.56129	 85.83513	 2.5	
GPD-2	 41.56107	 85.83255	 3.1	
GPD-6	 41.55743	 85.83717	 1.6	
	 	 	 	
 
 
The sediment cores were thawed for a few hours. Using a core plunger, the core was pushed 
from the bottom and subsequently were sliced into one-centimeter thick layers in the upper 10 cm, 
and subsequently at 2 cm intervals throughout the rest of the core.  The sides of the core slice were 
wiped off and disposed of to remove any possible mixing.  Approximately one-third to one-half 
of the wet slice was taken in a pre-weighed Teflon beaker and homogenously mixed.  The beaker 
containing wet sediment was weighed (±0.1 mg) prior to and after drying at 85°C for 24 hours.  
From the wet and dry weight of the sediment, the water content was determined, and subsequently, 
porosity for each section and mass depth for each layer were calculated using the following 
formula: ∅ = #$(#$& '(	#$	 *$	/*,)     (2.1) 
 
where 𝑓/	is the fraction of water in the wet sediment, 𝜌/ is the density of pore water, and 𝜌1 is the 
density of dry solids (Jweda and Baskaran, 2014).  From the mass depth for each layer, the 
cumulative mass depths (M, in g cm-2) for sediment cores were calculated using the following: 𝑀	 = 	 ((1 −	∅5)×	𝜌1×𝛿8	)	9     (2.2) 
where ∅5	 is the porosity of the ‘i’th section, and 𝛿8 is the thickness of each interval layer.   
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2.3 Radionuclide Dating 
 
Lead-210 activities were determined using measured activities of 210Po (assuming 210Po and 
210Pb were in secular equilibrium) by alpha spectrometry.  Details on the methodology can be 
found in Jweda (2007).  Briefly, approximately 1.5 g of dried, pulverized sample was taken in a 
120 ml PFA (Savillex) digestion vessel and 0.75 ml of 209Po spike (8.09±0.02 dpm mL-1) was 
added to it.  To this mixture, 10 ml each of concentrated hydrofluoric, nitric, and hydrochloric acid 
was added.  The mixture was digested in a furnace at 90°C for 24 hours.  After acid digestion, the 
solution was transferred into a Teflon beaker, dried on a hot plate, and 5 ml of 6 M HCl was added 
and dried twice.  Five ml of 6 M HCl was added to the residue, which was then diluted with 5 ml 
of deionized water.  The solution was centrifuged, and supernatant was poured into a clean, Teflon 
beaker.  To this solution, 30 ml of distilled H2O and 200 mg of ascorbic acid were added.  The pH 
of the solution was adjusted to approximately 2 by adding ammonium hydroxide.  Polonium was 
plated by spontaneous deposition onto silver (Ag) planchets (Jweda et al., 2008).  The planchets 
were analyzed by alpha spectrometer with a surface barrier detector coupled to an Octete-PC 
(ORTEC Co.).  The background levels (cph) of 209Po and 210Po were obtained by running the 
detectors empty and counting for anywhere from 10 to 30 days.  These background levels ranged 
from 0.017 cph to 0.145 cph for 209Po, and 0.006 cph to 0.052 cph for 210Po.     
For the measurement of gamma-emitting radionuclides, about 10 g of dried, ground sediment 
was weighed out and packed into 10 ml counting tubes and analyzed for roughly 24 hours.  The 
activities of 226Ra and 137Cs were measured using a high-purity germanium well detector coupled 
to a Canberra InSpector multi-channel analyzer.  There was no peak background for any of the 
radionuclides analyzed.  The gamma ray detector was calibrated with standard reference material 
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(RGU-1 and RGTh-1) obtained from the International Atomic Energy Agency (IAEA) (Baskaran 
et al., 2014).  Blank levels ranged between 7 and 45 cph.   
The gamma detector was calibrated by determining the dpm/cpm ratios per gamma energy of 
the sediment standards (RGU-1 and RGTh-1).  For the calibration of the gamma-ray spectrometer, 
a pre-weighted aliquot of each standard was dried at 80°C for 24 hours.  After drying, the standards 
were packed into gamma counting vials and assayed for ~24 hours.  The counts per minute (cpm) 
was then calculated for each radionuclide of interest (ROI) 
 𝑐𝑝𝑚 =	 (#	>#	?@ABCD>EFG	HIJ(FKL	A>EFL1	HIJ)L5MK	>#	A>EFL5FC	5F	M5F     (2.3) 
 
2.4 Stable Isotope Study 
For the measurement of δ13C, 30-45 mg of dried, ground sediment samples were packed 
into 5 ml-diameter Ag capsules.  The sediment samples were then wet with a drop of deionized 
water and loaded into a standard 96-well plate and placed in a desiccator along with a beaker of 
100 ml of 12 M HCl for 6-8 hours to get rid of any carbonate that may be present.  The well plate 
was then removed, the samples were dried, and the Ag capsules were folded and re-packaged in 5 
mm-diameter Sn capsules.  Samples were prepared for stable δ15N analysis by packing 30-45 mg 
of dried, pulverized sediment into 5-mm diameter Sn capsules.  The analysis for δ13C and δ15N 
was conducted at the Stable Isotope Facility at University of California-Davis using a Micro Cube 
elemental analyzer interfaced to a PDZ Europa 20-20 isotope ratio mass spectrometer.  The 
precision is 0.2 ‰ for δ13C and 0.3 ‰ for δ15N.  The final delta values (Appendix A) are expressed 
relative to V-PDB standard and air for carbon and nitrogen isotopes, respectively. 
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To determine the loss on ignition, which is a measure of organic matter content, dry 
sediment samples were weighed out in porcelain crucibles, placed in a furnace, and kept at 620°C 
for 6 hours.  Afterwards, samples were placed in a desiccator and allowed to cool. From the mass 
lost, the percentage of loss on ignition was calculated (e.g., Heiri et al. 1999). 
2.5. Sedimentation Rates 
 Calculations of sedimentation rates based on length of the core were also obtained.  In 
some of the cores, sedimentation rates were obtained from the USGS water discharge gauge data 
as well as sediment yield curve generated by the USACE. Sedimentation rates obtained by 5 
different methods are compared in Baskaran et al. (2015) that include: 
i. USGS sediment gage applications.  Sediment gages installed at the sites provide 
average daily sediment data, in many cases from construction to present; 
ii. Core length method; 
iii. Using linear regression analysis;   
iv. Radionuclide dating (both 210Pb and 137Cs), performed by the Department of Geology 
at Wayne State University.  This method is detailed in sections 2.3 and 3.1. 
Details on the methodology and results for these methods can be found in section 3.3.   
 
  
31 
 
CHAPTER THREE 
RESULTS AND DISCUSSION 
3.1 Radionuclide Dating 
3.1.1 137Cs-Based Chronology 
The location, mean water depth, penetration depths of 137Cs and excess 210Pb (210Pbxs), and 
inventories of 137Cs and 210Pbxs in both Weber Dam and Goshen Pond Dam are given in Tables 3.1 
and 3.2. 
 
Table 3.1: Penetration depths and inventories of 210Pbxs and 137Cs in all sediment cores. 
 
Core	
Core	
Length	
(cm)	
DCs	
(cm)	 DPb	(cm)	
210Pbinv	(dpm	
cm-2)	
137Csinv	(dpm	
cm-2)	
210Pbinv:137Csinv	
(dpm	cm-2)	
Peak	
137Cs	
Depth	
(cm)	
		 		 		 		 		 		 		 		
WD-1	 79	 75	 >	79	 124.53	±	0.20	 38.00	±	0.04	 3.28	 45	
WD-6	 66	 54	 50	 129.17	±	0.29	 18.29	±	0.04	 7.06	 47	
WD-11	 46	 44	 >	46	 81.97	±	0.13	 13.28	±	0.04	 6.17	 41	
	 	 	 	 	 	 	 	
GPD-1	 82	 76	 >	82	 102.90	±	0.20	 45.44	±	0.13	 2.26	 67	
GPD-2	 99	 >	99	 >	99	 146.21	±	0.20	 62.43	±	0.4	 2.34	 82	
GPD-6	 126	 114	 >	126	 205.8	±	0.80	 44.20	±	0.30	 4.66	 101	
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Although the atmospheric delivery of 137Cs to watershed is negligible since 1970s, 
considerable amounts of 137Cs are found in the upper 3 cm in every one of the sediment cores.  The 
137Cs concentration in the upper 3 cm varied between 0.24 and 0.55 dpm g-1 in Weber Dam while 
it is significantly higher in the Goshen Pond, between 0.49 and 0.87 dpm g-1 (Appendix-A).  The 
radiocesium is derived either from watershed erosional input, primarily in the form of bedload, 
although the suspended load and dissolved load could also contribute significantly, or from 
redistribution of resuspended 137Cs-laden sedimentary particles.  The 137Cs activity in the upper 3 
cm is anticipated to be constant, if it is derived from constant erosional input; however, the 
variations indicate that there are other processes such as variable erosional input, possibly variable 
amounts of dissolved and colloidal 137Cs in the water discharged to the lake that are scavenged by 
sedimentary particulate matter, physical resuspension of upper layers of the sediments and 
subsequent redistribution.  The peak 137Cs activities in these cores are comparable to other 
freshwater studies in Michigan (Robbins et al. 1990; Jweda and Baskaran 2011; Baustian et al. 
2015).   
The penetration depths (depths below which 137Cs and 210Pbxs are not detected; Table 3.2) 
of 137Cs and 210Pbxs indicate the following: 
i. The penetration depths of 137Cs in WD-1, GPD-1 and GPD-6 are deeper than the 
lengths of the core, indicating partial length retrieval of the core;  
ii. In WD-6, WD-11 and GPD-2, the 137Cs penetration depths in all three sediment 
cores correspond to the expected year 1952, based on the 137Cs peak corresponding 
to 1963, indicating there is very little or no post-depositional migration of 137Cs; 
and  
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iii.  In GPD-1 core, presence of 137Cs extends to at least 1950 possibly indicating post-
depositional migration of 137Cs.   
In sedimentary layers, if the year of appearance of 137Cs, calculated based on either 137Cs peak 
corresponding to 1963 or 210Pbxs, agrees with the actual year of 1952, then, it is likely that the post-
diffusional diffusion of 137Cs is negligible (e.g., Baskaran et al. 2014, 2015).  The 137Cs peak and 
penetration depths of 137Cs in all 6 cores are shown in Figures 3.1.1 and 3.1.2.  The deeper 
penetration of 137Cs is attributed to post-depositional diffusion of 137Cs and/or resuspension of 
surficial sediments at the time of deposition during which 137Cs could have migrated downward 
(Klaminder et al. 2012).  Davis et al. (1984) reported occurrence of 137Cs at pre-fallout sediment 
depths in sediment cores collected from 16 lakes in Scandinavia and 14 lakes in New England and 
attributed this to downward molecular diffusion of 137Cs.  From a synthesis of 31 dated sediment 
cores by 210Pb and 137Cs from lakes in Norway, New England and northern Canada, Blais et al. 
(1995) reported presence of 137Cs at 210Pb-inferred dates before 1850 and attributed to post-
depositional migration of 137Cs.  Although Blais et al. (1995) reported very good agreement 
between 210Pb-based and 137Cs-based in hard water lakes (Lake Michigan, Erie and Ontario), recent 
studies indicates that the post-diffusional diffusion is not taking place at all sites in a relatively 
smaller lake (Baskaran et al., 2015; Baustian et al. 2015). Note that the diffusion would not shift 
the 137Cs peak corresponding to 1963, but only will result in the peak broadening.   
Due to the nature and frequency of atmospheric weapons testing and ensuing fallout, the 
ideal shape of 137Cs peak is expected to be Gaussian (Baskaran et al. 2014); however, post-
depositional sediment mixing/resuspension processes result in a curve with peak broadening.  The 
shape of the 137Cs curve is close to a Gaussian distribution in WD-1 and GPD-2, as indicated in 
Figures 3.1.1 and 3.1.2, where the mass depth of sediment lying within one standard deviation of 
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the maximum measured 137Cs concentration constitutes nearly 68% of the total.  Moreover, the 
concentrations of 137Cs at these points correspond to the x-points of the curve’s full-width at half 
maximum (at 1972 and 1955 in WD-1, and 1964 and 1961 in GPD-2).  Cores WD-6 and WD-11 
display very broad peaks, while GPD-1 and GPD-6 show moderately broad ones.  Since diffusion 
is relatively low in both lakes, as evidenced by the penetration depths of 137Cs, it seems the peak-
shape is a measure of the extent of physical mixing (including resuspension).  
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Figure 3.1: Vertical profiles of 137Cs. 
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The 137Cs chronology is based on one curve fitting method, based on the 137Cs peak 
corresponding to 1963 (sediment accumulation rate = cumulative mass depth at 137Cs-peak layer / 
(year of collection of the core – 1963), although the appearance of 137Cs in sedimentary layer 
corresponding to 1952 can also be used as a time-horizon marker. Note that the 137Cs depositional 
flux in the beginning years (1952-1954) of nuclear weapons testing was very low and ~74% of the 
initial input (from 1952-2011 when the sediment cores were analyzed) has decayed away, the 
precise 1952 boundary may not be readily detectable (that too when there is diffusion of 137Cs 
taking place) with the standard gamma-ray spectrometry method.  
3.1.2 210Pbxs-Based Chronology  
In a majority of the sediment cores, the maximum concentration of 210Pbxs is found in the 
top 3 cm.  In a depositional zone with very little large-scale disturbance in the sediment column 
and/or watershed changes, it is anticipated that the 210Pbxs activity will exponentially decrease with 
depth.  An assessment of 210Pbxs profiles in Figures 3.2 and 3.3 indicate a consistent decrease of 
210Pbxs activity with depth in Weber Dam while in Goshen Pond, GPD-1 and GPD-6, there appears 
to be considerable sediment disturbance, either due to dredging/trawling/bottom-water fishing,  
vertical mixing by wind waves (Woszczyk et al. 2014) or there is large scale major watershed 
changes. Historical records for this watershed do not indicate such large scale watershed changes.  
An assessment of the generated 210Pbxs profiles indicates there is a reasonable decrease of 210Pbxs 
activity with depth in both cores.   
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Figure 3.2: Vertical distribution of ln210Pbxs in cores taken from Webber Dam, MI.  
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Figure 3.3: Vertical distribution of ln210Pbxs in cores taken from Goshen Pond Dam, IN. 
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There are three models that are commonly used to calculate ages using lead-210, simplified 
in the graphic below: 
 
Figure 3.4: 210Pb age calculation models. 
 
If the accumulation rate of sediments (constant mass flux per unit interval of time where 
measurable 210Pbxs concentration is found) and 210Pb flux have remained constant, then the 
constant-flux: constant sedimentation (CFCS) model is used to obtain an average sediment 
accumulation rate. Using the CFCS model, the 210Pbxs activity (Ad) at any depth ‘d’can be 
calculated using the following equation: 
Ad = A0e-λPbxs t      (3.1) 
where Ad and Ao are the activities of 210Pbxs in a sediment layer at depth d and at the surface, 
respectively, and t is the age (yr) of the sediment layer at depth ‘d’. When the ln210Pbxs activities 
are plotted against the corresponding cumulative mass depths, the resultant best-fit is expected to 
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be straight line and the slope of that line is used to calculate the mass accumulation rate, ω (g cm-
2 yr-1) as follows: 
ω = slope x (-λPb)      (3.2) 
The 210Pbxs-based mass accumulation rate varied between 0.35 ± 0.02 g cm-2 y-1 and 0.66 
± 0.04 g cm-2 y-1 in Weber Dam (Table 3.3), with a decrease in sediment mass accumulation rate 
from the river mouth to farther away.  Mass accumulation rates of sediment in Goshen Pond Dam 
ranged from 0.06 ± 0.06 g cm-2 y-1 to 1.21 ± 0.74 g cm-2 y-1 (Table 3.3).  
The linear sedimentation rate, S (cm yr-1), using 210Pbxs, was calculated by plotting ln210Pbxs 
activities against the corresponding linear depths and substitution of ω for S.  The 210Pbxs-based 
linear sedimentation rate varied between 0.47 ± 0.04 and 1.42 ± 0.07 cm y-1 in the Webber Dam 
and between 0.41± 0.07 and 2.06 ± 0.12 cm y-1 in the Goshen Pond Dam. Since the sediments 
undergo compaction, mass accumulations rates are always preferred over the linear sedimentation 
rates.   
Table 3.2: Sedimentation and mass accumulation rates for all six cores of study. 
Core	
210Pbxs-based	Linear	
Sedimentation	Rate	(cm	
yr-1)	
137Cs-peak	Linear	
Sedimentation	Rate	(cm	
yr-1)	
210Pbxs-based	MAR	(g	
cm-2	yr-1)	
137Cs-peak	MAR	(g	
cm-2	yr-1)	
	 	 	 	 	
WD-1	 1.42	 1.40	 0.64	 0.65	
WD-6	 0.45	 1.00	 0.37	 0.63	
WD-11	 0.61	 0.87	 0.11	 0.54	
	 	 	 	 	
GPD-1	 0.83	 1.42	 0.45	 0.75	
GPD-2	 2.31	 1.74	 1.07	 0.77	
GPD-6	 1.57	 2.15	 0.68	 0.81	
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Using the CFCS model, the sediment layer ages (yr) can be calculated using the equation: 
tCFCS = M / ω      (3.3) 
where M is the cumulative mass depth (g cm-2).  The ages of the sediments as a function of depth 
for all 6 cores are plotted in Figure 3.5.  
If sedimentation rates are variable, then, ages of sedimentary layers can be obtained using 
either constant rate of supply of 210Pb model (i.e. constant flux of 210Pb, even if sediment 
accumulation rate varies over time - CRS model) or constant initial concentration of excess 210Pb 
model (constant initial 210Pbxs activity at the sediment-water interface (Robbins 1978; Appleby et 
al. 1979; Oldfield and Appleby 1984).  In the CRS model, the initial 210Pbxs activity varies 
inversely with the accumulation rate over time and is given by: 
( )( )tm PbeAA λ−∞ −= ∑∑ 1     (3.4) 
where ∑ mA  is the 210Pbxs inventory to mass depth im  (dpm cm-2) and ∑ ∞A  is the total 210Pbxs 
inventory of the sediment core.  The age (yr) of the sediment layer is calculated from the following 
equation: 
Pb
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One of the important factors that affect the rate of 210Pb supply is the variations in the amount of 
precipitation (Baskaran et al. 2014).  The CRS-based model ages for all 6 cores are plotted in 
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Figure 3.5.  Note that if the depth of the core does not extend to which the unsupported 210Pb 
activity does not reach the limit of detection, the sediment accumulation rate could be inaccurate 
(MacKenzie et al. 2011).  A similar effect could be produced if the core does not extend to the 
depth at which unsupported 210Pb activity reaches the limit of detection. Failure to account for such 
artifacts could generate accumulation rates that are too low for deeper sections of cores.  
 The CIC model assumes a constant initial activity at the time of deposition in the sediment-
water interface regardless of changes in net accumulation. When employing the CIC model, we 
note that even if the sediment flux varies, the atmospheric depositional flux will also co-vary to 
keep the specific activity constant (Robbins 1978; Robbins and Edgington 1975; Appleby et al. 
1979; Appleby and Oldfield 1992). Since the 210Pbxs transfer function is directly proportional to 
the mass flux, the CIC model should be better suited than the CRS model for systems dominated 
by erosional input (e.g., Wan et al., 1987).  Sediment layer ages (yr) based on the CIC model can 
be calculated from: 
Pb
M
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        (3.6) 
where 0A  is the initial 210Pbxs activity at the sediment-water interface (dpm g-1) and MA  is the 
210Pbxs activity at the cumulative mass depth ‘M ’. The CIC-based model ages for all 6 cores are 
plotted in Figure 3.5.  
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Figure 3.5: Vertical profiles of model ages for sediment layers obtained from all three 210Pbxs models, along with 137Cs activities. 
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A summary of main 210Pb-based models for sedimentation rates are given in Mabit et al. 
(2014).  Some of the methods (e.g. sediment isotope tomography model (SIT)) need validation 
from independent time-markers (Mabit et al. 2014).  There is large amount of bioturbation in open 
ocean sediments and the uniform diffusive mixing alone causes near-ideal exponential decay of 
210Pbxs and the sedimentation does not contribute to the observed vertical profile (DeMaster and 
Cochran 1982).  Such an observation has not been reported in freshwater lakes, as sediment mixing 
depths and rates in freshwaters are much smaller compared to the oceans.   
A comparison of ages obtained using peak 137Cs with the 210Pbxs-based model ages (CFCS, 
CRS, and CIC) are plotted against cumulative mass depth above in Figure 3.5 for each of the 6 
cores.  The Goshen Pond is much more disturbed in terms of 210Pb profile, as there is no uniform 
decrease with depth in GPD-1 or GPD-6.  This is attributed to extensive use of this lake for 
recreational activities. In smaller and shallow lakes, there is often considerable disturbance of 
sediment profiles due to recreational boating and fishing activities and in such cases, there is often 
discrepancy between the sediment accumulation rates obtained using 210Pbxs-CFCS-based model 
and 137Cs-peak-based method. There is a very good agreement between 137Cs-peak and 210Pbxs-
CFCS model for WD-1 and GPD-6. In WD-11, the CFCS model yields chronology closest to the 
137Cs-peak-based values, although there are deviations between the two become larger at deeper 
depths of the core. In the case of WD-6, there is a reasonable agreement between 137Cs-peak-based 
SAR and 210Pbxs-CIC-based model. Although the CIC model yields less reliable chronology most 
of the time, it appears that a setting similar to WD-6 might yield a consistent SAR with the 137Cs-
based method; however, overall, the CIC model failed to produce a monotonic increase in sediment 
ages with depth in any of the cores, as has been shown in other places (e.g., Jweda and Baskaran 
2011).  
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In Goshen Pond, among all three 210Pbxs models, CRS model seems to agree with 137Cs-
peak-based chronology reasonably well at least in the upper 15-20 cm for GPD-1 and GPD-2 
(Figure 3.5).  If there are markedly different sedimentation rates observed in any sediment cores 
and if there are multiple piecewise linear segments, the sediment rates can be obtained for each of 
those segments (Sanchez-Cabeze and Ruiz-Fernandez 2012). There are two piecewise linear 
segments in GPD-1 and GPD-6 and the corresponding mass accumulation rates differ widely. For 
example, GPD-1, the calculated mass accumulation rates (CFCS-model based) in the top and 
bottom linear segments are 0.24 and 0.39 g cm-2 y-1 while in GPD-6, the values are 0.06 and 1.21 
g cm-2 y-1 (Figure 3.3).  It seems the deposition, and post-depositional changes in the sedimentary 
record vary within an impoundment which would require that all three models of 210Pbxs method 
be employed and compared to 137Cs-peak-based chronology to determine reliable chronology. 
However, based on earlier published literature, in large lakes where variations in sediment supply 
is relatively stable, CFCS model appears to work well resulting in consistent chronology with 
peak-based 137Cs method (Jweda and Baskaran 2011 and references cited therein). In the case of 
CRS model, the precise total inventory of 210Pbxs is required in the age/sediment accumulation rate 
calculation (MacKenzie et al. 2011). The time elapsed between the operation of the Webber and 
Goshen Pond dams and core sampling is 103 years and 142 yrs, respectively and hence we will 
get 96.1% and 98.9% of the total expected atmospherically delivered 210Pb inventory in those sites 
and the error associated with these small difference of 1.1-3.9% falls within the measurements 
uncertainty and scatter in the parent-supported 226Ra activities in sediment cores.  Generally, 
overestimation of ages by the CRS model compared to CFCS model in lakes is common, although 
underestimation has also been reported, as are reported here (von Gunten et al. 2009; Tylmann et 
al. 2013).  From an extensive study of 18 sediment cores collected from 4 riverine systems, recently 
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it was shown that CRS model yielded ages more comparable with those expected from field 
evidences (Bonotto and Garcia-Tenorio 2014).  Even if two of the three models (e.g. similarities 
between chronologies produced by stand-alone CFCS, CIC and CRS models) cannot be considered 
for independent validation and validation from another independent method is required (Abril and 
Brunskil 2014).  
The radionuclide inventories  𝐼M5  are calculated using the following equation: 
𝐼M5 = 𝐴5 ∗ 	𝑚5F5Q'     (3.7) 
where mi (g cm-2) is the mass depth of the ‘i’th sediment layer and Ai is the activity (dpm g-1) in 
the ‘i’th layer of 210Pbxs or 137Cs.  Calculated inventories of 210Pbxs for WD-1, WD-6, and WD-11 
are 124.5, 129.2, and 82.0 dpm cm-2, respectively.  Inventories in GPD-1, GPD-2, and GPD-6 are 
102.9, 146.2, and 201.8 dpm cm-2, respectively (Table 3.2).  In Goshen Pond Dam, inventories 
decrease as we move closer to the dam itself.  There is no annual depositional flux data for 210Pb 
or 137Cs for the study site, but we can use the depositional flux measured in Detroit (42°25’ N; 
83°1’ N) which is less than 200 km from the study sites.  
The measured atmospheric depositional flux corresponds to 50.2 dpm cm-2. In every one 
of the sites, the inventory is significantly higher than the expected value from direct atmospheric 
fallout, indicating additional inputs from watershed erosion and possibly sediment focusing. The 
measured inventories of 137Cs (all corrected for 1st January 2011) for WD-1, WD-6, and WD-11 
are 38.0 ± 0.3, 18.4 ± 0.3, and 13.3 ± 0.2 dpm cm-2, respectively.  Inventories in GPD-1, GPD-2, 
and GPD-6 are 45.4 ± 0.3, 62.4 ± 0.4, and 43.5 ± 0.3 dpm cm-2, respectively. These values can be 
compared to the directly measured 137Cs fallout values. The nearest city to these dams where bomb 
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fallout monitoring conducted was in Argonne, IL. The measured fallout inventory in Argonne, IL 
(41.7°N) is 3.27 dpm cm-2 (decay corrected to January 1st, 2011), based on the 90Sr/137Cs (=1.5) 
relationship (HASL, 1977). The measured 137Cs inventory is significantly higher than that of the 
direct overhead fallout. After the cessation of nuclear testing, the erosional input from the 
watershed continued to contribute to the aquatic system. Higher inventories have been reported in 
several lakes, both large and small, and most commonly are due to sediment focusing and/or larger 
amounts of erosional inputs (e.g. Crusius and Anderson 1995).  
3.2 Stable Isotope Study 
3.2.1 Webber Dam 
Vertical profiles of organic matter in a sediment core provide valuable paleoenvironmental and 
paleoecological records. Stable isotopic composition of carbon and nitrogen in dated sediment 
cores can be utilized to reconstruct natural and human-induced changes in local and regional 
environmental systems. The organic matter derived from aquatic sources and land sources are 
often different, mainly due to presence of cellulose in the plant sources of organic matter. Due to 
the differences in the watershed between the Webber Dam and the Goshen Pond Dam, the vertical 
variations of these two dams are discussed separately below. 
Throughout the 19th century, land in the surrounding area of Webber Dam was nearly all 
forested. As industrialization spread to the Midwest, more land was needed to feed the country’s 
growing population. Because of this demand, the area began to shift in the 20th century to more 
agrarian (Conkin 2008). The carbon isotopic composition (δ13C) for WD-1 range from -28.4 ‰ to 
-26.3 ‰, -28.6 ‰ to -25.2 ‰ in core WD-6, and -28.3 ‰ to -26.8 ‰ in WD-11 (Figure 5a, Table 
4a). In the top-most layer of the sediment cores, the δ13C values ranged between -27.8 to -28.1 ‰ 
(Table 3.4.1), possibly indicating different fractions of organic carbon sources. In WD-1 and WD-
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11, there is an overall enrichment from the top surface to deeper depths (Figure 3.6). If the total 
organic carbon concentrations are low, then, diagenetic isotope shifts are expected to be 
insignificant (Meyers 2003) in which case the changes in δ13C can directly be attributed to 
paleoenvironmental changes. The 2 ‰ shift in δ13C values from top to the bottom of the core can 
be attributed to increase in productivity, as was recorded in Lake Ontario where similar shift was 
reported over a period of ~ 120 years (Hodell and Schelske 1998). In the WD-6 core, there is wide 
fluctuation during ~1950 to 1980 which is attributed to the varying fractions of land-derived and 
algal organic matter that have undergone different extents of diagenesis and preservation.  
There is an overall trend of becoming more enriched in δ13C with time (Figure 3.6). This 
range of values, -25.2 to -28.3 ‰ is a characteristic of both lacustrine algae and C3 land plants 
(Meyers 2003) and is in the same range as observed in surficial sediments in Lake Michigan (-
26‰), and other lakes in the Great Lakes system, of values around -28‰, (Meyers 2003). Long-
term population growth in the watershed of Webber Dam is expected to result in higher fractions 
of autochthonous organic matter. In Figure 5a and 5b, observed values for WD indicate a land-
plant dominated source of OM in bottom sediments.  In ~1960, however, this started to change. 
Rises in population are often accompanied by greater nutrient delivery to the water body, and Ionia 
County experienced a slight population increase in 1960 (Figure 3.7).  This is when the 
sedimentary record display a shift towards a predominantly algal source and this continued until 
the late 1970s.  After 1980, both C/N ratios and δ13C values show a shift to a C3-dominant source 
of OM.  The largest contributing county by drainage area is Ingham County, which, in 1960, 
experienced a large increase in population relative to other counties in the watershed (Figure 3.7).  
It is apparent from population statistics that growth began to level off or drop after 1980, causing 
nutrient fluxes to the dam and internal lake productivity to drop as well.  
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The C/N ratios in all three cores varied between 6 and 19 (WD-1), 2 and 18 (WD-6) and 7 
and 16 (WD-11) (Figure 3.6). The distinct differences between the C/N ratios of nonvascular 
aquatic plants (typically 4 to 10) and vascular land plants (>20, contain cellulose), aid in 
identifying and quantifying the amount of terrestrial-derived vs. aquatic plants. In both WD-1 and 
WD-11, the C/N ratios typically varied between 10 and 15, with higher values at the bottom of the 
core. Selective degradation of components of organic matter will differentially affect the elemental 
compositions resulting in higher ratios in the older sediments (e.g., Meyers 2003). There is a large 
fluctuation in WD-6, similar to the δ13C ratios, and this is likely due to differential rates of 
diagenesis of land-derived and algal organic matter and/or fluctuations in the delivery of land-
derived organic matter in this sediment core. Changes in the watershed, from forested area to 
agricultural area, has resulted in increase in the C/N ratios in other watershed, mainly due to 
increased delivery of nutrients and organic matter.  
The mass accumulation rate of organic carbon is a useful measure of delivery and 
preservation of organic matter than percentage of organic carbon (or loss on ignition, LOI). The 
mass accumulation rates (MAR) of organic carbon were calculated using percent lost on ignition 
and sediment accumulation rates (MAR (g cm-2 y-1) = (percentage of LOI) * sediment 
accumulation rate (g cm-2 y-1) / 100).  MARs of organic carbon in Webber Dam (Figure 5d) range 
from 2.6 to 19.3 mg cm-2 yr-1.   
Vertical variations of δ15N in dated sediment cores allow us to quantify relative amounts 
of algal and land plant organic matter, as well as to discuss algal productivity and nitrogen fixation 
and cycling (Vreca & Muri, 2010). The δ15N values ranged between 6.3 and 8.5 ‰ (WD-1), 4.7 
and 7.7 (WD-6) and 4.9 and 7.1 (WD-11). There is a general increase in δ15N values with depth in 
WD-1 (Figure 3.6), while in WD-6, there is a large variation between 1960 and 1978, with the 
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lowest value of 4.7 (note that similar large variations were found for δ13C and C/N ratios). 
Discharge of nutrients through much smaller streams is a possible reason. It is known that nitrate 
has a typical isotope ratio of +7 to +10‰. Furthermore, the δ15N values in phytoplankton in Lake 
Superior were found to be 1.6 ‰ compared to the sedimentary organic matter of 5.0‰ (Pang and 
Nriagu 1977). Also, there are isotopic differences between δ15N values of organic matter derived 
from algae (+ 8.5 ‰) and from C3 land plants (+ 0.5 ‰). It also could be derived from the changes 
in the delivery of heavy nitrate (δ15N = 10-25‰) from farm runoff and human sewage. Due to the 
fact that nitrogen concentrations are affected by a slew of other chemical stressors produced by 
watershed activities, the interpretation of these readings from sedimentary record is more complex.   
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Figure 3.6: (a) δ13C, (b) δ15N, (c) C/N ratio, and (d) MAR for select cores from Webber Dam, MI. 
 
 
  
52 
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Table 3.3: Vales of δ13C, δ15N, C/N Ratios, and LOI in WD cores in select years. 
	
WD-1	 WD-6	 WD-11	
	
	 2010	 1970	 1950	 2010	 1970	 1950	 2010	 1970	 1950	
δ13C	(‰)	 -28.0	 -27.0	 -26.9	 -28.1	 -25.6	 -28.3	 -27.8	 -27.1	 -26.9	
δ15N	(‰)	 6.9	 7.6	 6.9	 6.7	 5.1	 6.8	 6.0	 5.3	 4.9	
C/N	 13.3	 15.5	 13.7	 12.1	 5.5	 17.2	 10.0	 10.3	 2.0	
LOI	(%)	 14.9	 17.7	 15.9	 25.9	 2.0	 12.3	 23.1	 13.4	 16.7	
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Figure 3.7: Population change over time in contributing watershed counties. 
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3.2.2 Goshen Pond Dam 
As with Webber Dam, surrounding land use in the Goshen Pond Dam area has also shifted 
from forested to agricultural in the 20th century.  Today, immediately-surrounding areas, as well 
as the pond itself, are pre-dominantly recreational.  The δ13C values in surficial sediments varied 
between -27.8 and -28.1 ‰ in the upper layer of all three sediment cores (Figure 3.8, Table 3.4.2).  
The range of values and the difference between the highest and lowest values also differ for all 
three cores (GPD-1: -27.3 to -28.5 ‰, difference of 1.2 ‰; GPD-2: -27.3 to -28.3, difference of 
1.0 ‰; and GPD-6: -26.5 to -28.6, difference of 2.1 ‰). There are differences in the range 
(smallest near the river mouth to largest values farthest from river mouth), indicating sources of 
carbon and processes have differentially affected the Goshen Pond Dam sediments. Large 
fluctuations in δ13C values are attributed to changes in the fractional inputs derived from algal 
production and land-derived organic matter. The δ15N values in surficial sediments varied between 
5.8 and 7.0 ‰ in the upper layer of all three sediment cores (Figure 3.8, Table 3.4.2). The range 
of values and the difference between the highest and lowest values also differ in all three cores 
(GPD-1: 4.5 to 7.9 ‰, difference of 2.4 ‰; GPD-2: 5.8 to 7.8, difference of 2.0 ‰; and GPD-6: 
4.9 to 7.8, difference of 2.9 ‰). Large difference between the smallest and largest value was found 
farthest from river mouth. Compared to Webber Dam sediments, there is no systematic increase 
in the δ13C or δ15N values in the Goshen Pond Dam (Figure 3.8) and this could at least partially be 
due to sediment mixing seen in the 210Pbxs profiles which is likely caused by recreational activities.  
The C/N ratios in surficial sediments varied between 10 and 21 in the upper layer of all 
three sediment cores (Figure 3.8, Table 3.4.2). The range of values and the difference between the 
highest and lowest values also differ for all three cores (GPD-1: 6.9 to 15.6, difference of 8.7; 
GPD-2: 8.5 to 13.4, difference of 4.9; and GPD-6: 7.5 to 20.9, difference of 13.4). Large difference 
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between the smallest and largest value was found farthest from river mouth. These differences are 
likely due to differences in the fractional inputs of vascular land plants and nonvascular aquatic 
plants, differential degradation of organic-matter components during early diagenesis, and varying 
inputs of from runoff and human sewage. MARs of organic carbon in Goshen Pond Dam (Figure 
3.8) range from 1.3 to 19.0 mg cm-2 yr-1.   
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3.2.3 Spatial variations of δ13C, δ 15N and C/N ratios in 3 time horizons 
Investigations on the temporal changes of δ13C, δ15N and C/N ratios in sediment cores from 
lacustrine systems often involve studies of one or two sediments cores and do not take the spatial 
variations of the isotopes of carbon, nitrogen at any particular time horizon such as variations in 
the upper 1 cm layer (e.g.; Routh et al. 2004, 2007) into account. In this study, the spatial variations 
of δ13C, δ15N and C/N ratios in 3 time horizons (years 2010, 1970 and 1950, Table 3.4.1, 3.4.2) 
are assessed. The striking contrasts are:  
i. spatial variations of δ13C values of 0.3‰ in 2010 in 3 cores in Webber Dam as 
compared to 1.5‰ in 1970 and 1.4‰ in 1950 (note that the corresponding 
variations in Goshen Pond core are: 0.3‰, 0.4‰ and 0.3‰, respectively);  
ii. ii) variations of δ15N values in 3 cores from Webber Dam are 0.9‰ in 2010 as 
compared to 2.5‰ in 1970 and 2.0‰ in 1950 (not that the corresponding variations 
in Goshen Pond core are: 1.2‰, 2.1‰ and 0.3‰, respectively).  
The biogeochemical processes that alter the sedimentary record in Webber Dam seem not identical 
to that in the Goshen Pond. The temporal and spatial variations of δ13C and δ15N preserved in the 
sedimentary records of Webber Dam and Goshen Pond indicate that spatial variations in the 
sediment cores also need to be taken in to consideration in the paleo-interpretation of the 
sedimentary records.  
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Figure 3.8: (a) δ13C, (b) δ15N, (c) C/N ratio, and (d) MAR for select cores from Goshen Pond Dam, IN.  
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Table 3.4: Vales of δ13C, δ15N, C/N Ratios, and LOI in GPD cores in select years. 
		
GPD-1	 GPD-2	 GPD-6	
		
		 2010	 1970	 1950	 2010	 1970	 1950	 2010	 1970	 1950	
	δ13C	(‰)	 -27.8	 -27.8	 -27.7	 -28.1	 -28.0	 -27.4	 -27.8	 -27.6	 -27.6	
	δ15N	(‰)	 7.0	 7.4	 6.8	 6.6	 6.8	 6.5	 5.8	 5.3	 6.7	
C/N	 12.7	 14.2	 8.6	 10.1	 10.2	 12.0	 20.9	 9.6	 9.2	
LOI	(%)	 19.1	 18.4	 16.7	 18.4	 20.2	 12.7	 18.3	 20.0	 13.0	
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3.3 Sedimentation Rate Calculations 
 An analysis of Tables 3.5.1 and 3.5.2 reveal that sediment yield is greater per square mile 
in Goshen Pond Dam, where the average of all methods is 24 tons year-1 mi-2, compared to 15 tons 
year-1 mi-2 for Webber Dam.  It is clear that there is a correlation between human-induced land use 
changes and higher sediment accumulation (Hui, 2014).  As detailed in sections 1.1 and 1.2, both 
sites are comparable in terms of land use, being primarily agricultural, so it is likely that there are 
other factors at play.  The methods used to calculate these are detailed here. 
3.3.1 Bathymetric Subtraction 
This method uses the dam’s current bathymetry, collected in the field using a SonTek M9 
River Surveyor, as well as historical bathymetric maps to estimate sediment accumulation.  The 
two maps are superimposed on one another using geomorphology and landmarks, and bottom 
elevations are subtracted, leaving us with a third map detailing pockets of sediment accumulation.  
The deposited sediment was then converted to tons, then divided by the number of years since 
construction (assuming a specific gravity of 2.65 and a porosity of sediment 0.58) as follows:  
 
R.TU V.UW TR.X	YZ[\]^ _	]`ab,ddd	YZ[ efghi	jkflmg	fn	opqrkpmg	ng^#	fn	sphtu	urmvp	vfmugtlvgrfm = Sedimentation	Rate	 tons year   (3.8) 
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3.3.2  USGS Sediment Gage Techniques 
Using this technique, sedimentation rates can be calculated for the impounded dam area, 
as well as the unimpounded area of the greater watershed (Baskaran et al., 2015).  Gages are 
installed, usually by the USGS, and from this field data, annual sediment discharge rates are 
estimated for both areas.  These data are then used to calculate a sedimentation and mass 
accumulation rate.  While there were gages installed at Webber and Goshen Pond Dams, data was 
not available for this study.   
3.3.3 Core Length Method 
For this method, the length of the sediment core is taken and divided by the time elapsed 
from construction to the time that core was collected (in yrs).  What results is a sedimentation rate 
in cm/yr (Baskaran et al., 2015). 
3.3.4 Trend Line and Regression Techniques  
A regression equation has been developed by the United State Army Corps of Engineers 
Detroit District using 61 data points from the Great Lakes region relating watershed drainage area 
with sediment yield in tons per year (Creech, 2011).  This equation uses data points from other 
regional watershed studies, as well as RESSED database information (Hui, 2014).  It plots 
sediment yield versus watershed drainage area.  The resulting equation is as follows: 𝑌	 = 407.3	×𝐴V.    (3.9) 
where Y = sediment yield in tons per year, and A = area of the watershed drainage area in square 
miles.  The RESSED database was analyzed for sediment loading as a function of sediment, not 
watershed, drainage area, for all RESSED sites within the Great Lakes basin.  To convert the 
volume of sediment data in the RESSED database to weight of sediment loading, a conversion 
factor needs to be determined.  The following calculation of the mass of sediment assumes a 
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porosity value of 90%, which is typical of sandy and clayey soils settling in a reservoir.  The 
associated mass of this volume of storage lost in the RESSED database is therefore calculated 
using the following variables: 
Conversion of acre-feet to cubic yards:  1 acre-feet=1613.3 yd3 
Specific gravity of bank material:     2.65  
Assumed porosity:     0.90 
Weight of water:     62.4 lbs/ft3 
The approximate total mass of 1 acre-feet of storage lost in a reservoir is equivalent to: 
 2.65 0.10 62.4 9?1#L^ 27 #L^G^ '	L>FRVVV	9?1 1613.3	𝑦𝑑 = 360	𝑡𝑜𝑛𝑠  (3.10) 
 
The RESSED database included both suspended and bed load sediments. (Creech, 2010)   
3.3.5  Radionuclide Dating 
See section 2.3 for detailed methodology and 3.1 for a detailed discussion on results.  
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Table 3.5.1: Sediment yield estimation results for WD and GPD. 
 
 
Table 3.5.2: Sediment yield results for WD and GPD. 
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CHAPTER FOUR 
 
CONCLUSIONS 
From the measurements of 210Pb, 137Cs, concentrations and isotopic compositions of carbon 
and nitrogen from a total of 6 sediment cores from Webber Dam (Michigan, USA) and Goshen 
Pond Dam (Indiana, USA), I draw the following conclusions: 
i. For a given lake, dating of sediment cores from three different sites often require 
more than one of three models (constant flux and constant sedimentation, constant 
rate of supply of 210Pb and constant initial 210Pb activity) to yield ages consistent 
with 137Cs-peak based constant sedimentation model. In this study, in three cores 
using 210Pbxs-based CFCS-, two cores using CRS- and one core using CIC model-
based sediment accumulation rates agree with 137Cs-based sediment accumulation 
rates. In areas where there is a constant net accumulation, CFCS model seems to 
agree well with the 137Cs-peak-based model, as both of these approaches involve 
constant accumulation rates of 210Pb and sediment mass.     
ii. The vertical variations of δ13C, δ15N and C/N ratios in all 6 dated sediment cores 
indicate the variations in the source inputs of organic carbon and nitrogen are 
reflected in the these sediment cores.   
iii. A comparison of the composition of δ13C and δ15N and C/N ratios for a particular 
time horizon show large variations in a particular impoundment. While the δ13C 
values in 3 cores varied by 0.3, 0.4, and 0.3‰, during 2010, 1970 and 1950, 
respectively in Goshen Pond, the corresponding values show large variations in 
Webber Dam (0.3, 1.5 and 1.4 ‰,	during 2010, 1970 and 1950, respectively). While 
the variations at different time horizons for the three cores at Goshen Pond is 
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relatively constant, variations as high as 1.5‰ in Webber Dam is intriguing and 
more investigations are needed to assess the processes that lead to such large 
variations. Furthermore, this study demonstrates the need for analyzing multiple 
cores for vertical variations of δ13C, δ15N and C/N ratios in the reconstruction of 
recent environmental changes in smaller lakes.  
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FUTURE WORK 
 Twelve reservoirs were sampled, and the original goal of the USACE study was to define 
a regional model for sediment accumulation.  Seeing as several cores were taken at each site, it 
would be interesting to conduct a similar study on each of the select dams with the ultimate goal 
of looking at regional historical trends and stressors and defining how they alter regional 
watersheds on a larger scale.  It may even be useful to look at a few more cores from each of these 
sites.  In addition, further studies could look at the use of different 210Pb models to calculate an age 
within the same water body and why one model may be more applicable in one spot versus another.  
Supplementary work could be done using the sedimentation rate calculation models developed by 
Wayne State and the USACE using geologic data to adjust these models to account for changes in 
lithology and geomorphology and their effects on sedimentation rates. 
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APPENDIX A 
FULL DATASET 
 
Core	
Section	 Porosity	 %	LOI	
CMD	
(g	
cm-2)	
210Pbtotal	
(dpm	g-1)	
226Ra	(dpm	
g-1)	
210Pbxs	(dpm	
g-1)	
137Cs	(dpm	
g-1)	 δ
13C	 δ15N	 C/N	
WD-1	
0-1	cm	 0.94	 10.84	 0.15	 12.71	±	0.57	 2.93	±	0.10	 12.15	±	0.58	 0.55	±	0.05	 -26.56	 6.92	 NM	
1-2	cm	 0.92	 14.95	 0.36	 NM	 NM	 NM	 NM	 -27.97	 6.95	 13.3	
2-3	cm	 0.88	 13.74	 0.65	 12.92	±	0.57	 3.07	±	0.11	 12.38	±	0.58	 0.54	±	0.05	 -28.38	 6.68	 NM	
3-4	cm	 0.86	 17.66	 0.99	 NM	 NM	 NM	 NM	 -27.92	 6.70	 19.4	
4-5	cm	 0.85	 21.17	 1.36	 10.81	±	0.54	 3.21	±	0.11	 10.26	±	0.55	 0.55	±	0.05	 -28.11	 6.49	 13.5	
5-6	cm	 0.87	 20.00	 1.70	 NM	 NM	 NM	 NM	 -27.88	 6.99	 13.6	
6-8	cm	 0.87	 21.21	 2.37	 12.78	±	0.37	 3.29	±	0.08	 12.27	±	0.38	 0.51	±	-.03	 -27.91	 7.13	 12.3	
8-11	cm	 0.87	 20.08	 3.35	 12.07	±	0.44	 3.17	±	0.08	 11.51	±	0.45	 0.56	±	0.04	 -27.78	 7.19	 13.3	
11-13	cm	 0.85	 19.46	 4.08	 10.67	±	0.47	 3.10	±	0.09	 10.10	±	0.48	 0.57	±	0.04	 -27.75	 7.80	 13.5	
13-15	cm	 0.85	 17.63	 4.82	 10.35	±	0.41	 3.31	±	0.08	 9.80	±	0.41	 0.56	±	0.04	 -27.67	 7.32	 13.2	
15-17	cm	 0.85	 17.74	 5.51	 9.89	±	0.14	 3.61	±	0.09	 9.13	±	0.42	 0.77	±	0.04	 -27.68	 6.34	 12.2	
17-19	cm	 0.86	 21.30	 6.25	 10.20	±	0.55	 3.54	±	0.12	 9.63	±	0.56	 0.56	0.05	 -27.74	 6.98	 10.6	
19-21	cm	 0.85	 19.14	 7.05	 8.37	±	0.31	 3.54	±	0.07	 7.62	±	0.32	 0.75	±	0.03	 -27.58	 6.73	 12.2	
21-23	cm	 0.84	 12.48	 7.78	 6.76	±	0.48	 3.21	±	0.11	 6.05	±	0.49	 0.71	±	0.05	 -27.57	 7.40	 11.8	
23-25	cm	 0.86	 19.46	 8.60	 7.63	±	0.42	 3.10	±	0.09	 6.90	±	0.42	 0.73	±	0.04	 -28.06	 7.48	 NM	
25-27	cm	 0.84	 17.41	 9.46	 6.67	±	0.53	 3.15	±	0.11	 5.98	±	0.54	 0.69	±	0.05	 -27.55	 7.20	 12.0	
27-29	cm	 0.83	 16.04	 10.45	 6.48	±	0.54	 3.38	±	0.13	 5.61	±	0.55	 0.88	±	0.06	 -27.36	 7.27	 12.8	
29-31	cm	 0.80	 16.68	 11.29	 6.49	±	0.51	 2.95	±	0.11	 5.68	±	0.52	 0.81	±	0.06	 -27.48	 7.43	 12.1	
31-33	cm	 0.83	 22.50	 12.16	 5.26	±	0.47	 2.80	±	0.11	 4.23	±	0.48	 1.03	±	0.06	 -27.53	 7.43	 12.2	
33-35	cm	 0.83	 23.00	 13.04	 5.46	±	0.38	 2.43	±	0.09	 4.33	±	0.39	 1.14	±	0.06	 -27.39	 7.56	 12.2	
35-37	cm	 0.83	 19.62	 13.93	 4.17	±	0.50	 3.77	±	0.12	 2.73	±	0.51	 1.45	±	0.07	 -27.35	 7.31	 12.5	
37-39	cm	 0.82	 22.22	 14.83	 NM	 NM	 NM	 NM	 -27.38	 7.80	 5.5	
39-41	cm	 0.82	 21.71	 15.79	 4.74	±	0.38	 2.93	±	0.10	 3.43	±	0.39	 1.31	±	0.06	 -27.51	 8.03	 13.6	
41-43	cm	 0.81	 23.67	 16.63	 2.17	±	0.24	 1.37	±	0.06	 1.24	±	0.25	 0.92	±	0.04	 -27.56	 8.47	 10.8	
43-45	cm	 0.83	 26.59	 17.50	 3.92	±	0.43	 2.81	±	0.09	 1.87	±	0.43	 2.05	±	0.07	 -27.35	 7.87	 25.1	
45-47	cm	 0.83	 22.75	 18.43	 4.67	±	0.41	 3.39	±	0.09	 1.61	±	0.41	 3.06	±	0.09	 -27.24	 7.39	 10.4	
47-49	cm	 0.81	 25.37	 19.17	 4.75	±	0.40	 2.47	±	0.09	 2.10	±	0.41	 2.64	±	0.08	 -27.57	 8.17	 11.1	
49-51	cm	 0.85	 25.68	 19.98	 4.68	±	0.41	 2.62	±	0.10	 1.70	±	0.42	 2.98	±	0.09	 -27.60	 7.72	 10.0	
51-53	cm	 0.84	 29.25	 20.82	 NM	 NM	 NM	 NM	 -27.55	 8.43	 10.9	
53-55	cm	 0.83	 27.65	 21.61	 3.14	±	0.36	 2.43	±	0.09	 1.11	±	0.37	 2.04	±	0.07	 -27.30	 8.03	 11.1	
55-57	cm	 0.84	 27.99	 22.49	 NM	 NM	 NM	 NM	 -27.43	 7.89	 11.7	
57-59	cm	 0.82	 17.65	 23.62	 4.74	±	0.38	 2.93	±	0.10	 3.43		±	0.39	 1.31	±	0.06	 -27.00	 7.56	 15.5	
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59-61	cm	 0.77	 17.37	 24.62	 2.17	±	0.24	 1.37	±	0.06	 1.24		±	0.25	 0.92	±	0.04	 -27.03	 7.50	 12.6	
61-63	cm	 0.80	 18.15	 28.16	 3.92	±	0.43	 2.81	±	0.09	 1.87		±	0.43	 2.05	±	0.07	 -26.46	 7.99	 7.7	
63-65	cm	 0.80	 18.45	 29.22	 4.67	±	0.41	 3.39	±	0.09	 1.61		±	0.41	 3.06	±	0.09	 -26.41	 7.96	 14.1	
65-67	cm	 0.79	 16.39	 30.35	 4.75	±	0.40	 2.47	±	0.09	 2.10		±	0.41	 2.64	±	0.08	 -26.28	 8.13	 12.5	
67-69	cm	 0.77	 17.72	 31.37	 4.68	±	0.41	 2.62	±	0.10	 1.70		±	0.42	 2.98	±	0.09	 -26.48	 8.28	 12.3	
69-71	cm	 0.80	 18.40	 32.37	 NM	 NM	 NM	 NM	 -26.53	 8.23	 12.8	
71-73	cm	 0.80	 18.16	 33.36	 3.14	±	0.36	 2.43	±	0.09	 1.11		±	0.37	 2.04	±	0.07	 -27.02	 7.67	 14.5	
73-75	cm	 0.80	 17.85	 34.45	 NM	 NM	 NM	 NM	 -27.05	 7.09	 15.6	
75-77	cm	 0.78	 16.65	 35.55	 3.66	±	0.40	 2.17	±	0.09	 3.50		±	0.41	 0.16	±	0.04	 -27.01	 6.76	 14.6	
77-79	cm	 0.78	 15.93	 36.65	 NM	 NM	 NM	 NM	 -26.86	 6.85	 13.7	
		 		 	 		 		 		 		 		 		 		 		
WD-6	
0-1	cm	 0.89	 26.60	 0.29	 10.24	±	0.52	 2.41	±	0.11	 7.83	±	0.53	 0.47	±	0.06	 NM	 6.85	 NM	
1-2	cm	 0.86	 25.89	 0.63	 NM	 NM	 NM	 NM	 -28.08	 6.72	 12.1	
2-3	cm	 0.85	 25.00	 1.01	 7.94	±	0.40	 2.10	±	0.09	 5.85	±	0.41	 0.35	±	0.05	 -27.92	 6.58	 11.4	
3-4	cm	 0.84	 27.42	 1.42	 NM	 NM	 NM	 NM	 -27.87	 6.49	 12.3	
4-5	cm	 0.85	 24.49	 1.80	 8.65	±	0.41	 2.43	±	0.09	 6.28	±	0.42	 0.50	±	0.06	 -27.79	 6.37	 11.1	
5-6	cm	 0.84	 26.91	 2.21	 NM	 NM	 NM	 NM	 -27.91	 5.27	 12.2	
6-7cm	 0.81	 24.41	 2.68	 8.61	±	0.35	 2.17	±	0.08	 6.38	±	0.36	 0.33	±	0.05	 -27.85	 6.06	 NM	
7-8	cm	 0.83	 24.96	 3.10	 NM	 NM	 NM	 NM	 -27.30	 6.61	 10.8	
8-9	cm	 0.84	 16.37	 3.51	 8.88	±	0.49	 2.02	±	0.09	 6.76	±	0.50	 0.42	±	0.06	 -27.68	 6.82	 11.8	
9-10	cm	 0.83	 19.00	 3.94	 8.14	±	0.41	 2.03	±	0.09	 5.98	±	0.42	 0.27	±	0.05	 -27.66	 6.00	 13.3	
10-12	cm	 0.75	 27.72	 5.19	 7.77	±	0.53	 2.47	±	0.10	 5.31	±	0.54	 0.28	±	0.05	 -27.98	 5.64	 10.1	
12-14	cm	 0.75	 25.71	 6.44	 NM	 NM	 NM	 NM	 -27.97	 6.48	 10.8	
14-16	cm	 0.76	 19.72	 7.65	 9.42	±	0.60	 2.51	±	0.11	 6.63	±	0.61	 0.42	±	0.05	 -27.73	 6.91	 11.2	
16-18	cm	 0.74	 16.77	 8.97	 NM	 NM	 NM	 NM	 -27.64	 6.98	 12.5	
18-20	cm	 0.73	 25.71	 10.31	 6.54	±	0.28	 2.77	±	0.06	 3.70	±	0.29	 0.48	±	0.02	 -27.61	 7.01	 11.8	
20-22	cm	 0.73	 25.71	 11.68	 NM	 NM	 NM	 NM	 -27.70	 6.62	 11.8	
24-26	cm	 0.72	 17.82	 14.47	 NM	 NM	 NM	 NM	 -27.49	 6.75	 10.8	
28-30	cm	 0.72	 18.34	 17.24	 NM	 NM	 NM	 NM	 -27.71	 7.47	 10.6	
32-34	cm	 0.78	 14.83	 19.65	 NM	 NM	 NM	 NM	 -27.45	 7.59	 7.4	
36-38	cm	 0.75	 12.64	 22.13	 NM	 NM	 NM	 NM	 -27.45	 7.71	 NM	
44-46	cm	 0.65	 NM	 27.88	 3.18	±	0.34	 1.41	±	0.07	 1.61	±	0.34	 0.52	±	0.04	 -26.85	 6.71	 15.6	
46-48	cm	 0.65	 11.99	 29.65	 3.19	±	0.31	 2.07	±	0.07	 1.02	±	0.31	 0.81	±	0.04	 -27.29	 7.55	 15.7	
48-50	cm	 0.48	 12.64	 32.24	 0.89	±	0.17	 1.16	±	0.04	 0.30	±	0.17	 0.28	±	0.02	 -27.06	 NM	 6.7	
50-52	cm	 NM	 NM	 35.67	 NM	 NM	 NM	 NM	 -25.17	 4.65	 NM	
52-54	cm	 NM	 2.40	 39.25	 0.74	±	0.20	 0.81	±	0.04	 -0.10	±	0.21	 0.04	±	0.02	 -26.58	 NM	 1.9	
54-56	cm	 NM	 2.51	 42.83	 NM	 NM	 NM	 NM	 -25.62	 5.13	 2.0	
56-58	cm	 NM	 2.50	 46.39	 0.78	±	0.19	 1.01	±	0.04	 -0.21	±	0.19	 0.00	 -25.51	 4.93	 NM	
58-60	cm	 NM	 2.83	 50.40	 NM	 NM	 NM	 NM	 -25.33	 4.98	 1.8	
60-62	cm	 NM	 2.72	 54.46	 0.66	±	0.21	 0.93	±	0.04	 -0.38	±	0.21	 0.00	 -28.57	 6.95	 17.9	
62-64	cm	 NM	 NM	 58.40	 NM	 NM	 NM	 NM	 -28.14	 7.62	 16.8	
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64-66	cm	 NM	 NM	 62.14	 0.70	±	0.19	 0.98	±	0.04	 -0.36	±	0.19	 0.00	 -28.31	 6.77	 17.2	
		 		 		 		 		 		 		 		 		 		 		
WD-11	
0-1	cm	 0.79	 23.08	 0.53	 6.30	±	0.38	 1.89	±	0.07	 4.40	±	0.38	 0.24	±	0.05	 -27.83	 6.01	 10.0	
1-2	cm	 0.80	 18.50	 1.03	 6.71	±	0.35	 1.91	±	0.06	 4.79	±	0.35	 0.30	±	0.04	 -27.63	 6.90	 10.2	
2-3	cm	 0.80	 17.07	 1.54	 6.86	±	0.39	 2.03	±	0.07	 4.83	±	0.40	 0.37	±	0.05	 -27.70	 7.05	 9.8	
3-4	cm	 0.85	 23.08	 1.92	 9.09	±	0.47	 2.12	±	0.08	 6.97	±	0.47	 0.37	±	0.06	 -27.75	 6.88	 9.1	
4-5	cm	 0.84	 18.14	 2.31	 8.59	±	0.42	 2.27	±	0.08	 6.32	±	0.43	 0.45	±	0.05	 -27.75	 6.68	 10.5	
5-6	cm	 0.84	 17.65	 2.72	 8.81	±	0.47	 2.27	±	0.08	 6.54	±	0.47	 0.54	±	0.06	 -28.25	 6.80	 NM	
6-8	cm	 0.83	 23.08	 3.13	 8.84	±	0.41	 2.24	±	0.07	 6.60	±	0.42	 0.48	±	0.05	 -27.85	 6.72	 14.1	
8-9	cm	 0.76	 18.93	 3.73	 5.76	±	0.37	 0.91	±	0.05	 4.85	±	0.38	 0.21	±	0.04	 -27.60	 6.03	 12.3	
9-10	cm	 0.78	 11.25	 4.84	 4.94	±	0.25	 1.43	±	0.04	 3.51	±	0.25	 0.28	±	0.03	 -27.64	 6.02	 12.4	
10-12	cm	 0.75	 15.98	 6.10	 NM	 NM	 NM	 NM	 NM	 NM	 NM	
12-14	cm	 0.78	 12.10	 7.20	 3.90	±	0.30	 1.26	±	0.05	 2.64	±	0.31	 0.42	±	0.05	 -27.43	 5.91	 11.9	
14-16	cm	 0.76	 12.00	 8.39	 NM	 NM	 NM	 NM	 NM	 NM	 NM	
16-18	cm	 0.79	 13.83	 9.44	 3.20	±	0.31	 1.50	±	0.05	 1.70	±	0.32	 0.33	±	0.04	 -27.15	 6.01	 11.9	
18-20	cm	 0.79	 16.49	 10.51	 NM	 NM	 NM	 NM	 NM	 NM	 NM	
20-22	cm	 0.78	 13.02	 11.60	 3.56	±	0.28	 1.35	±	0.06	 2.21	±	0.29	 0.61	±	0.06	 -27.23	 5.97	 10.5	
22-24	cm	 0.76	 NM	 12.77	 NM	 NM	 NM	 NM	 NM	 NM	 NM	
24-26	cm	 0.77	 15.52	 13.93	 3.10	±	0.25	 1.26	±	0.05	 1.83	±	0.26	 0.47	±	0.05	 -27.02	 5.56	 11.3	
26-28	cm	 0.76	 11.73	 15.14	 NM	 NM	 NM	 NM	 NM	 NM	 NM	
28-30	cm	 0.74	 24.54	 16.45	 2.47	±	0.24	 1.18	±	0.05	 1.29	±	0.24	 0.39	±	0.05	 -26.96	 5.68	 9.8	
30-32	cm	 0.69	 19.53	 18.00	 NM	 NM	 NM	 NM	 NM	 NM	 NM	
32-34	cm	 0.67	 20.52	 19.63	 1.56	±	0.15	 1.06	±	0.03	 0.50	±	0.16	 0.31	±	0.03	 -26.84	 4.91	 12.8	
34-36	cm	 0.69	 20.18	 21.16	 NM	 NM	 NM	 NM	 NM	 NM	 NM	
36-38	cm	 0.73	 13.37	 22.51	 1.98	±	0.25	 1.79	±	0.06	 0.19	±	0.26	 0.88	±	0.05	 -27.07	 5.30	 10.3	
38-40	cm	 0.73	 13.74	 23.84	 2.04	±	0.23	 1.11	±	0.05	 0.94	±	0.24	 0.75	±	0.05	 -27.18	 5.72	 6.6	
40-42	cm	 0.69	 13.99	 25.39	 1.88	±	0.22	 1.98	±	0.05	 0.10	±	0.23	 1.15	±	0.05	 -26.85	 6.30	 16.0	
42-44	cm	 0.53	 15.74	 27.74	 0.35	±	0.14	 0.45	±	0.03	 0.11	±	0.15	 0.23	±	0.03	 -26.99	 5.01	 35.8	
44-46	cm	 0.84	 16.72	 28.52	 0.83	±	0.17	 0.64	±	0.03	 0.19	±	0.18	 0.00	 -26.88	 4.93	 NM	
 
  
71 
 
 
Core	
Section	 Porosity	 %	LOI	
CMD	(g	
cm-2)	
210Pbtotal	
(dpm	g-1)	
226Ra	(dpm	
g-1)	
210Pbxs	(dpm	
g-1)	
137Cs	(dpm	g-
1)	 	δ
13C	 	δ15N	 C/N	
GPD-1	
1-2	cm	 0.93	 19.11	 0.35	 NM	 NM	 NM	 NM	 -27.80	 7.00	 12.7	
2-3	cm	 0.86	 8.04	 0.71	 9.18	±	0.52	 4.09	±	0.09	 5.08	±	0.52	 0.87	±	0.06	 -28.07	 6.89	 NM	
3-4	cm	 0.87	 6.25	 1.03	 NM	 NM	 NM	 NM	 -28.04	 6.75	 12.3	
4-5	cm	 0.86	 9.75	 1.37	 8.04	±	0.36	 3.75	±	0.06	 4.29	±	0.36	 0.66	±	0.03	 -28.02	 6.75	 15.6	
5-6	cm	 0.89	 19.13	 1.65	 NM	 NM	 NM	 NM	 -28.05	 6.92	 14.6	
6-7	cm	 0.86	 9.47	 2.00	 8.98	±	0.52	 3.86	±	0.09	 5.12	±	0.53	 0.82	±	0.05	 -28.04	 6.73	 14.9	
7-8	cm	 0.88	 7.41	 2.30	 NM	 NM	 NM	 NM	 -28.01	 6.62	 10.3	
8-9	cm	 0.86	 9.48	 2.65	 6.60	±	0.38	 4.01	±	0.08	 2.59	±	0.39	 0.75	±	0.04	 -27.95	 6.89	 11.2	
9-10	cm	 0.83	 7.53	 3.08	 8.31	±	0.33	 3.95	±	0.06	 4.36	±	0.33	 0.86	±	0.03	 -27.91	 6.80	 13.6	
10-12	cm	 0.81	 NM	 4.03	 8.01	±	0.40	 3.02	±	0.06	 4.98	±	0.41	 0.91	±	0.05	 -27.92	 6.75	 10.0	
12-14	cm	 0.81	 11.45	 4.97	 NM	 NM	 NM	 NM	 -27.93	 6.61	 10.4	
14-16	cm	 0.81	 NM	 5.92	 5.91	±	0.42	 2.89	±	0.07	 3.02	±	0.43	 0.95	±	0.05	 -27.76	 6.73	 NM	
16-18	cm	 0.79	 21.62	 6.98	 NM	 NM	 NM	 NM	 -27.72	 7.20	 8.8	
18-20	cm	 0.80	 17.62	 8.00	 5.63	±	0.29	 3.14	±	0.05	 2.49	±	0.30	 0.84	±	0.04	 -27.67	 6.63	 NM	
20-22	cm	 0.76	 20.44	 9.18	 4.24	±	0.35	 2.47	±	0.06	 1.77	±	0.35	 0.69	±	0.04	 -27.49	 6.02	 11.0	
32-34	cm	 0.62	 NM	 11.08	 2.08	±	0.27	 1.31	±	0.04	 0.77	±	0.27	 0.24	±	0.03	 -27.78	 4.56	 8.1	
34-36	cm	 0.46	 9.38	 13.80	 NM	 NM	 NM	 NM	 -28.42	 6.05	 NM	
36-38	cm	 0.45	 13.89	 16.57	 NM	 NM	 NM	 NM	 -28.47	 0.69	 NM	
38-40	cm	 0.58	 12.20	 18.68	 2.14	±	0.26	 1.22	±	0.04	 0.91	±	0.26	 0.28	±	0.03	 -27.57	 4.47	 7.3	
40-42	cm	 0.70	 17.02	 20.18	 NM	 NM	 NM	 NM	 -27.60	 6.08	 9.7	
42-44	cm	 0.75	 4.02	 21.42	 NM	 NM	 NM	 NM	 -27.68	 6.72	 11.4	
44-46	cm	 0.75	 13.86	 22.68	 4.38	±	0.39	 2.47	±	0.06	 1.92	±	0.39	 0.90	±	0.05	 -27.71	 6.89	 8.4	
46-48	cm	 0.81	 13.55	 23.64	 NM	 NM	 NM	 NM	 -27.68	 6.94	 9.4	
48-50	cm	 0.80	 NM	 24.64	 NM	 NM	 NM	 NM	 -27.64	 7.05	 10.6	
50-52	cm	 0.81	 NM	 25.60	 5.19	±	0.38	 2.61	±	0.07	 2.59	±	0.39	 1.15	±	0.05	 -27.68	 6.73	 14.0	
52-54	cm	 0.76	 19.83	 26.77	 NM	 NM	 NM	 NM	 -27.73	 6.69	 12.8	
54-56	cm	 0.76	 NM	 27.98	 NM	 NM	 NM	 NM	 -27.64	 7.04	 10.1	
56-58	cm	 0.78	 15.22	 29.07	 4.12	±	0.36	 3.22	±	0.07	 0.90	±	0.37	 1.57	±	0.06	 -27.77	 7.33	 NM	
58-60	cm	 0.80	 23.41	 30.09	 NM	 NM	 NM	 NM	 -27.72	 7.45	 8.8	
60-62	cm	 0.68	 NM	 31.68	 NM	 NM	 NM	 NM	 -27.80	 7.35	 14.2	
62-64	cm	 0.79	 13.49	 32.75	 3.32	±	0.34	 2.12	±	0.06	 1.20	±	0.34	 2.16	±	0.07	 -27.95	 7.03	 11.0	
64-66	cm	 0.75	 9.83	 33.99	 3.26	±	0.29	 1.87	±	0.07	 1.39	±	0.30	 2.04	±	0.07	 -27.86	 6.80	 11.5	
66-68	cm	 0.76	 33.66	 35.16	 3.15	±	0.41	 1.86	±	0.07	 1.29	±	0.42	 2.95	±	0.09	 -27.98	 7.85	 NM	
68-70	cm	 0.78	 28.38	 36.28	 3.32	±	0.32	 2.10	±	0.07	 1.21	±	0.33	 2.92	±	0.08	 -27.81	 NM	 NM	
70-72	cm	 0.73	 20.40	 37.65	 2.60	±	0.32	 1.58	±	0.06	 1.03	±	0.33	 2.14	±	0.07	 -27.49	 6.61	 10.0	
72-74	cm	 0.67	 29.11	 39.31	 NM	 NM	 NM	 NM	 -27.42	 5.89	 9.1	
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74-76	cm	 0.61	 16.21	 41.28	 1.04	±	0.19	 1.01	±	0.04	 0.04	±	0.20	 0.64	±	0.03	 -27.30	 5.34	 9.8	
76-78	cm	 0.63	 11.60	 43.15	 NM	 NM	 NM	 NM	 -27.80	 5.34	 6.9	
78-80	cm	 0.64	 18.58	 44.98	 NM	 NM	 NM	 NM	 -27.56	 5.46	 8.5	
80-82	cm	 0.75	 16.70	 46.22	 2.97	±	0.32	 2.84	±	0.06	 0.13	±	0.32	 0.00	 -27.73	 6.75	 8.6	
GPD-2	
0-1	cm	 0.94	 18.38	 0.14	 8.18	±	0.44	 2.00	±	0.06	 6.18	±	0.44	 0.77	±	0.05	 -28.11	 6.60	 10.1	
1-2	cm	 0.93	 17.68	 0.32	 9.53	±	0.33	 2.65	±	0.05	 6.87	±	0.33	 0.79	±	0.03	 -28.06	 6.78	 NM	
2-3	cm	 0.93	 NM	 0.48	 7.97	±	0.47	 3.21	±	0.08	 4.76	±	0.48	 0.73	±	0.05	 -28.00	 6.75	 NM	
3-4	cm	 0.92	 17.59	 0.67	 8.14	±	0.51	 3.03	±	0.08	 5.11	±	0.52	 0.77	±	0.05	 -28.05	 6.24	 10.8	
4-5	cm	 0.93	 16.13	 0.84	 7.80	±	0.20	 3.26	±	0.04	 4.54	±	0.20	 0.74	±	0.03	 -28.04	 6.16	 10.6	
5-6	cm	 0.92	 10.48	 1.05	 8.91	±	0.24	 2.68	±	0.04	 6.25	±	0.24	 0.74	±	0.03	 -28.14	 6.23	 10.4	
6-7	cm	 0.91	 NM	 1.29	 8.52	±	0.52	 2.79	±	0.08	 5.73	±	0.52	 0.50	±	0.05	 -28.29	 5.93	 10.9	
7-8	cm	 0.90	 18.80	 1.54	 9.14	±	0.51	 2.97	±	0.08	 6.17	±	0.52	 0.60	±	0.05	 -28.93	 6.78	 NM	
8-9	cm	 0.91	 16.95	 1.77	 8.85	±	0.48	 2.71	±	0.08	 6.15	±	0.49	 0.60	±	0.05	 -28.25	 6.13	 12.2	
9-10	cm	 0.89	 NM	 2.05	 7.96	±	0.40	 2.87	±	0.07	 5.09	±	0.41	 0.58	±	0.04	 -28.11	 5.97	 11.2	
10-12	cm	 0.83	 16.58	 2.89	 5.07	±	0.59	 2.75	±	0.08	 2.32	±	0.59	 0.48	±	0.04	 -28.17	 6.30	 11.3	
12-14	cm	 0.85	 16.39	 3.65	 NM	 NM	 NM	 NM	 -28.10	 6.30	 NM	
14-16	cm	 0.82	 22.86	 4.54	 6.37	±	0.37	 2.71	±	0.06	 3.66	±	0.37	 0.57	±	0.04	 -28.01	 6.16	 10.7	
16-18	cm	 0.87	 NM	 5.16	 NM	 NM	 NM	 NM	 -28.29	 6.87	 NM	
18-20	cm	 0.85	 NM	 5.91	 6.23	±	0.35	 2.60	±	0.06	 3.63	±	0.36	 0.81	±	0.04	 -27.82	 5.90	 10.4	
20-22	cm	 0.78	 18.49	 6.99	 NM	 NM	 NM	 NM	 -27.76	 5.77	 10.3	
22-24	cm	 0.80	 17.75	 7.98	 6.03	±	0.40	 2.63	±	0.07	 3.40	±	0.41	 0.74	±	0.05	 -27.55	 7.17	 NM	
24-26	cm	 0.86	 14.95	 8.70	 NM	 NM	 NM	 NM	 -27.65	 6.33	 9.3	
26-29	cm	 0.78	 15.27	 10.35	 5.53	±	0.38	 2.92	±	0.07	 2.61	±	0.38	 0.75	±	0.04	 -27.67	 5.90	 8.5	
29-31	cm	 0.79	 NM	 11.39	 NM	 NM	 NM	 NM	 -27.73	 6.37	 9.3	
31-33	cm	 0.82	 16.41	 12.26	 4.79	±	0.38	 2.64	±	0.06	 2.15	±	0.38	 0.86	±	0.05	 -27.84	 6.54	 10.3	
33-35	cm	 0.77	 NM	 13.41	 NM	 NM	 NM	 NM	 -27.74	 6.94	 NM	
35-37	cm	 0.78	 NM	 14.49	 5.51	±	0.42	 2.53	±	0.07	 2.98	±	0.42	 0.71	±	0.05	 -27.69	 5.79	 10.6	
37-39	cm	 0.77	 NM	 15.62	 NM	 NM	 NM	 NM	 -27.85	 6.31	 11.5	
39-41	cm	 0.77	 14.54	 16.77	 NM	 NM	 NM	 NM	 -27.95	 6.04	 11.1	
41-43	cm	 0.76	 19.52	 17.97	 6.70	±	0.47	 3.10	±	0.08	 3.60	±	0.48	 0.85	±	0.05	 -27.50	 6.19	 11.6	
43-45	cm	 0.79	 20.52	 19.02	 NM	 NM	 NM	 NM	 -27.44	 6.29	 10.5	
45-47	cm	 0.81	 20.18	 19.99	 NM	 NM	 NM	 NM	 -27.83	 6.20	 10.7	
47-49	cm	 0.79	 13.37	 21.02	 5.52	±	0.42	 2.51	0.10	 3.01	±	0.43	 0.93	±	0.05	 -27.86	 7.09	 NM	
49-51	cm	 0.78	 13.74	 22.10	 NM	 NM	 NM	 NM	 -27.84	 6.21	 10.7	
51-53	cm	 0.79	 11.99	 23.14	 NM	 NM	 NM	 NM	 -27.72	 6.36	 11.6	
53-55	cm	 0.76	 19.74	 24.32	 4.92	±	0.38	 3.20	±	0.07	 1.72	±	0.39	 1.19	±	0.06	 -27.69	 6.85	 9.2	
55-57	cm	 0.84	 16.72	 25.13	 NM	 NM	 NM	 NM	 -28.31	 7.56	 NM	
57-59	cm	 0.81	 NM	 26.08	 NM	 NM	 NM	 NM	 -27.69	 6.59	 10.2	
59-61	cm	 0.84	 NM	 26.86	 5.15	±	0.37	 2.83	±	0.07	 2.32	±	0.38	 1.48	±	0.05	 -27.78	 6.95	 10.7	
61-63	cm	 0.83	 14.54	 27.72	 NM	 NM	 NM	 NM	 -27.79	 6.70	 10.1	
63-65	cm	 0.81	 19.52	 28.67	 NM	 NM	 NM	 NM	 -27.76	 6.73	 10.6	
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65-67	cm	 0.82	 20.52	 29.58	 3.91	±	0.44	 2.52	±	0.08	 1.39	±	0.44	 1.48	±	0.06	 -27.87	 7.30	 NM	
67-69	cm	 0.82	 20.18	 30.46	 NM	 NM	 NM	 NM	 -27.99	 6.78	 10.2	
69-71	cm	 0.84	 NM	 31.27	 NM	 NM	 NM	 NM	 -27.85	 6.75	 11.0	
71-73	cm	 0.85	 17.74	 32.04	 4.99	±	0.49	 2.84	±	0.09	 2.14	±	0.49	 2.46	±	0.09	 -28.15	 7.78	 NM	
73-75	cm	 0.83	 19.99	 32.87	 NM	 NM	 NM	 NM	 -27.86	 6.76	 10.8	
75-77	cm	 0.83	 16.74	 33.71	 NM	 NM	 NM	 NM	 -27.79	 6.64	 9.9	
77-79	cm	 0.83	 16.72	 34.55	 4.47	±	0.44	 2.84	±	0.09	 1.63	±	0.45	 3.22	±	0.10	 -27.78	 6.64	 10.5	
79-81	cm	 0.84	 NM	 35.34	 4.75	±	0.49	 2.28	±	0.09	 2.46	±	0.50	 3.58	±	0.10	 -27.56	 6.75	 11.3	
81-83	cm	 0.84	 NM	 36.13	 4.37	±	0.33	 2.61	±	0.08	 1.76	±	0.33	 5.01	±	0.11	 -27.86	 6.92	 10.1	
83-85	cm	 0.83	 18.54	 36.95	 3.76	±	0.44	 2.61	±	0.10	 1.15	±	0.45	 4.96	±	0.13	 -27.94	 7.44	 NM	
85-87	cm	 0.82	 19.52	 37.85	 3.92	±	0.48	 2.93	±	0.10	 0.99	±	0.49	 3.70	±	0.11	 -28.08	 6.59	 NM	
87-89	cm	 0.82	 20.52	 38.73	 NM	 NM	 NM	 NM	 -27.75	 6.70	 11.0	
89-91	cm	 0.79	 20.18	 39.76	 NM	 NM	 NM	 NM	 -27.57	 6.53	 12.8	
91-93	cm	 0.80	 NM	 40.79	 4.67	±	0.39	 2.04	±	0.07	 2.65	±	0.40	 1.90	±	0.07	 -27.59	 7.47	 		
93-95	cm	 0.79	 13.74	 41.83	 NM	 NM	 NM	 NM	 -27.64	 6.79	 13.4	
95-97	cm	 0.78	 15.99	 42.92	 4.17	±	0.41	 2.37	±	0.07	 1.80	±	0.42	 0.34	±	0.04	 -27.28	 6.50	 12.3	
97-99	cm	 0.79	 12.74	 43.99	 4.50	±	0.35	 2.87	±	0.07	 1.63	±	0.36	 0.05	±	0.05	 -27.36	 6.53	 12.0	
GPD-6	
0-1	cm	 0.98	 18.34	 0.04	 9.25	±	0.75	 2.92	±	0.12	 6.33	±	0.76	 0.49	±	0.07	 -27.81	 5.83	 20.9	
1-2	cm	 0.96	 NM	 0.14	 NM	 NM	 NM	 NM	 -28.12	 6.25	 10.3	
2-3	cm	 0.95	 17.45	 0.26	 7.68	±	0.44	 3.49	±	0.08	 4.18	±	0.45	 0.48	±	0.04	 -27.96	 5.87	 15.2	
3-4	cm	 0.95	 18.99	 0.38	 NM	 NM	 NM	 NM	 -28.02	 		 14.4	
4-5	cm	 0.95	 16.10	 0.51	 8.09	±	0.43	 1.63	±	0.06	 6.46	±	0.43	 0.54	±	0.05	 -28.02	 5.73	 18.7	
5-6	cm	 0.95	 18.77	 0.63	 NM	 NM	 NM	 NM	 -28.17	 6.20	 19.6	
6-7	cm	 0.95	 NM	 0.76	 7.41	±	0.58	 3.96	±	0.11	 3.45	±	0.59	 0.41	±	0.06	 		 6.26	 NM	
7-8	cm	 0.94	 NM	 0.91	 NM	 NM	 NM	 NM	 -27.80	 		 19.8	
8-9	cm	 0.95	 NM	 1.04	 9.94	±	0.66	 3.87	±	0.11	 6.07	±	0.067	 0.49	±	0.06	 -27.85	 5.69	 19.1	
9-10	cm	 0.94	 NM	 1.20	 8.88	±	0.62	 4.37	±	0.11	 4.51	±	0.63	 0.64	±	0.06	 -28.22	 6.63	 14.9	
10-12	cm	 0.89	 24.08	 1.73	 NM	 NM	 NM	 NM	 -27.83	 7.00	 13.1	
12-14	cm	 0.89	 NM	 2.28	 7.72	±	0.48	 2.59	±0.08	 5.12	±	0.49	 0.59	±	0.05	 -28.29	 6.57	 11.8	
14-16	cm	 0.84	 9.26	 3.08	 NM	 NM	 NM	 NM	 -28.02	 6.55	 14.5	
16-18	cm	 0.89	 NM	 3.64	 7.73	±	0.48	 2.58	±	0.07	 5.14	±	0.49	 0.50	±	0.04	 -28.20	 6.64	 13.4	
18-20	cm	 0.89	 NM	 4.20	 NM	 NM	 NM	 NM	 -26.54	 6.85	 16.4	
20-22	cm	 0.89	 30.28	 4.76	 NM	 NM	 NM	 NM	 -27.43	 6.64	 15.8	
22-24	cm	 0.88	 33.09	 5.34	 6.90	±	0.51	 2.70	±	0.08	 4.20	±	0.52	 0.53	±	0.04	 -28.27	 6.43	 11.4	
24-26	cm	 0.88	 15.73	 5.95	 NM	 NM	 NM	 NM	 -28.32	 NM	 NM	
26-28	cm	 0.88	 29.05	 6.54	 7.24	±	0.47	 2.67	±	0.08	 4.57	±	0.48	 0.52	±	0.05	 -28.17	 6.98	 NM	
28-30	cm	 0.87	 32.02	 7.19	 NM	 NM	 NM	 NM	 -28.05	 4.90	 12.4	
30-32	cm	 0.87	 NM	 7.84	 7.80	±	0.53	 2.68	±	0.08	 5.13	±	0.53	 0.61	±	0.05	 -28.06	 5.08	 12.3	
32-34	cm	 0.87	 NM	 8.47	 NM	 NM	 NM	 NM	 -28.08	 5.67	 9.0	
34-36	cm	 0.90	 27.81	 8.98	 4.97	±	0.60	 2.38	±	0.09	 2.59	±	0.60	 0.42	±	0.06	 -27.70	 5.53	 NM	
36-38	cm	 0.91	 NM	 9.44	 NM	 NM	 NM	 NM	 -27.73	 5.36	 20.8	
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38-40	cm	 0.89	 NM	 10.00	 6.00	±	0.54	 2.48	±	0.08	 4.52	±	0.55	 0.50	±	0.05	 NM	 NM	 NM	
40-42	cm	 0.87	 NM	 10.67	 NM	 NM	 NM	 NM	 -27.78	 6.58	 15.1	
42-44	cm	 0.79	 38.69	 11.70	 7.00	±	0.50	 2.98	±	0.08	 4.03	±	0.50	 0.73	±0.05	 -28.04	 6.70	 NM	
44-46	cm	 0.81	 NM	 12.67	 NM	 NM	 NM	 NM	 -27.96	 6.52	 NM	
46-48	cm	 0.80	 26.46	 13.65	 7.34	±	0.42	 2.91	±	0.07	 4.43	±	0.42	 0.66	±	0.04	 -28.01	 5.49	 11.8	
48-50	cm	 0.83	 NM	 14.52	 NM	 NM	 NM	 NM	 -27.29	 7.77	 NM	
50-52	cm	 0.83	 29.27	 15.36	 7.19	±	0.46	 2.88	±	0.08	 4.32	±	0.46	 0.71	±	0.05	 -28.21	 6.50	 NM	
52-54	cm	 0.80	 NM	 16.37	 NM	 NM	 NM	 NM	 -27.62	 NM	 12.8	
54-56	cm	 0.79	 26.39	 17.42	 7.30	±	0.44	 2.70	±	0.07	 4.59	±	0.44	 0.86	±	0.05	 -27.85	 6.61	 14.0	
56-58	cm	 0.80	 17.73	 18.40	 NM	 NM	 NM	 NM	 -27.85	 NM	 NM	
58-60	cm	 0.79	 NM	 19.45	 5.85	±	0.43	 2.46	±	0.07	 3.39	±	0.43	 0.60	±	0.04	 -28.03	 6.68	 NM	
60-62	cm	 0.85	 NM	 20.23	 NM	 NM	 NM	 NM	 -27.27	 8.72	 NM	
62-64	cm	 0.82	 20.69	 21.12	 5.65	±	0.47	 2.64	±	0.07	 3.00	±	0.48	 0.78	±	0.05	 -27.86	 6.95	 NM	
64-66	cm	 0.82	 20.86	 22.05	 NM	 NM	 NM	 NM	 -27.14	 6.60	 11.4	
66-68	cm	 0.82	 19.43	 22.97	 NM	 NM	 NM	 NM	 -27.12	 8.08	 NM	
68-70	cm	 0.83	 NM	 23.84	 6.51	±	0.43	 2.64	±	0.07	 3.87	±	0.44	 0.87	±	0.05	 -27.35	 NM	 10.4	
70-72	cm	 0.81	 NM	 24.80	 NM	 NM	 NM	 NM	 -28.64	 6.10	 9.3	
72-74	cm	 0.81	 NM	 25.77	 NM	 NM	 NM	 NM	 -27.65	 6.09	 9.7	
74-76	cm	 0.84	 20.18	 26.55	 5.21	±	0.39	 2.71	±	0.07	 2.50	±	0.40	 0.61	±	0.04	 -27.94	 6.95	 NM	
76-78	cm	 0.84	 NM	 27.35	 NM	 NM	 NM	 NM	 -27.65	 6.01	 9.8	
78-80	cm	 0.83	 21.14	 28.18	 6.29	±	0.43	 2.98	±	0.07	 3.31	±	0.43	 0.74	±	0.05	 -27.65	 5.94	 9.4	
80-82	cm	 0.83	 20.89	 29.03	 NM	 NM	 NM	 NM	 -27.25	 9.76	 NM	
82-84	cm	 0.84	 NM	 29.84	 7.11	±	0.47	 2.83	±	0.07	 4.28	±	0.48	 0.83	±	0.05	 -27.94	 7.14	 NM	
84-87.5	
cm	 0.82	 NM	 31.38	 NM	 NM	 NM	 NM	 -27.45	 7.21	 5.0	
87.5-90	
cm	 0.83	 19.97	 32.44	 6.09	±	0.47	 2.85	±	0.07	 3.25	±	0.47	 0.78	±	0.05	 -27.64	 5.34	 9.6	
90-92	cm	 0.78	 NM	 33.55	 NM	 NM	 NM	 NM	 -27.58	 6.32	 11.3	
92-94	cm	 0.80	 NM	 34.57	 NM	 NM	 NM	 NM	 -27.70	 7.17	 9.1	
94-96	cm	 0.79	 21.86	 35.62	 NM	 NM	 NM	 NM	 -27.78	 6.01	 10.9	
96-98	cm	 0.79	 17.14	 36.68	 4.87	±	0.39	 2.53	±	0.07	 2.34	±	0.40	 1.33	±	0.06	 -27.72	 6.97	 8.4	
98-100	
cm	 0.77	 NM	 37.82	 NM	 NM	 NM	 NM	 -27.79	 7.39	 NM	
100-102	
cm	 0.80	 NM	 38.80	 2.73	±	0.45	 2.63	±	0.08	 0.10	±	0.46	 3.44	±	0.08	 -27.90	 6.98	 9.4	
102-104	
cm	 0.83	 19.75	 39.65	 3.75	±	0.42	 3.45	±	0.08	 0.30	±	0.42	 2.84	±	0.07	 -27.77	 6.54	 7.5	
104-106	
cm	 0.84	 19.40	 40.47	 5.00	±	0.45	 3.30	±	0.08	 1.70	±	0.45	 2.47	±	0.07	 -27.77	 6.95	 11.1	
106-108	
cm	 0.82	 NM	 41.38	 3.71	±	0.42	 3.03	±	0.08	 0.68	±	0.43	 2.98	±	0.08	 -27.69	 6.87	 10.9	
108-110	
cm	 0.80	 NM	 42.37	 4.19	±	0.44	 3.04	±	0.08	 1.15	±	0.44	 1.46	±	0.06	 -27.75	 6.74	 7.7	
110-112	
cm	 0.79	 NM	 43.43	 NM	 NM	 NM	 NM	 -27.77	 6.72	 10.6	
112-114	
cm	 0.81	 20.83	 44.39	 4.50	±	0.42	 3.41	±	0.08	 1.09	±	0.43	 1.06	±	0.05	 -27.77	 6.82	 7.8	
114-116	
cm	 0.81	 NM	 45.34	 NM	 NM	 NM	 NM	 -27.75	 6.75	 9.8	
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116-118	
cm	 0.77	 13.02	 46.47	 NM	 NM	 NM	 NM	 -27.55	 6.66	 9.2	
118-120	
cm	 0.80	 NM	 47.49	 NM	 NM	 NM	 NM	 -27.75	 NM	 NM	
120-122	
cm	 0.76	 NM	 48.67	 4.45	±	0.39	 2.88	±	0.07	 1.57	±	0.39	 0.00	 -27.84	 7.02	 NM	
122-124	
cm	 0.77	 NM	 49.80	 NM	 NM	 NM	 NM	 -27.54	 NM	 NM	
124-126	
cm	 0.81	 24.54	 50.75	 3.50	±	0.40	 2.80	±	0.07	 0.70	±	0.40	 0.00	 -27.57	 7.43	 NM	
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Core	
Section	
Cumulative	Mass	
Depth	(g	cm-2)	
210Pbtotal	(dpm	g
-1)	 226Ra	(dpm	g-1)	 210Pbxs	(dpm	g
-1)	 137Cs	(dpm	g-1)	
GPD-2	
0-1	cm	 0.14	 8.18	±	0.44	 2.00	±	0.06	 6.18	±	0.44	 0.77	±	0.05	
1-2	cm	 0.32	 9.53	±	0.33	 2.65	±	0.05	 6.87	±	0.33	 0.79	±	0.03	
2-3	cm	 0.48	 7.97	±	0.47	 3.21	±	0.08	 4.76	±	0.48	 0.73	±	0.05	
3-4	cm	 0.67	 8.14	±	0.51	 3.03	±	0.08	 5.11	±	0.52	 0.77	±	0.05	
4-5	cm	 0.84	 7.80	±	0.20	 3.26	±	0.04	 4.54	±	0.20	 0.74	±	0.03	
5-6	cm	 1.05	 8.91	±	0.24	 2.68	±	0.04	 6.25	±	0.24	 0.74	±	0.03	
6-7	cm	 1.29	 8.52	±	0.52	 2.79	±	0.08	 5.73	±	0.52	 0.50	±	0.05	
7-8	cm	 1.54	 9.14	±	0.51	 2.97	±	0.08	 6.17	±	0.52	 0.60	±	0.05	
8-9	cm	 1.77	 8.85	±	0.48	 2.71	±	0.08	 6.15	±	0.49	 0.60	±	0.05	
9-10	cm	 2.05	 7.96	±	0.40	 2.87	±	0.07	 5.09	±	0.41	 0.58	±	0.04	
10-12	cm	 2.89	 5.07	±	0.59	 2.75	±	0.08	 2.32	±	0.59	 0.48	±	0.04	
12-14	cm	 3.65	 NM	 NM	 NM	 NM	
14-16	cm	 4.54	 6.37	±	0.37	 2.71	±	0.06	 3.66	±	0.37	 0.57	±	0.04	
16-18	cm	 5.16	 NM	 NM	 NM	 NM	
18-20	cm	 5.91	 6.23	±	0.35	 2.60	±	0.06	 3.63	±	0.36	 0.81	±	0.04	
20-22	cm	 6.99	 NM	 NM	 NM	 NM	
22-24	cm	 7.98	 6.03	±	0.40	 2.63	±	0.07	 3.40	±	0.41	 0.74	±	0.05	
24-26	cm	 8.70	 NM	 NM	 NM	 NM	
26-29	cm	 10.35	 5.53	±	0.38	 2.92	±	0.07	 2.61	±	0.38	 0.75	±	0.04	
29-31	cm	 11.39	 NM	 NM	 NM	 NM	
31-33	cm	 12.26	 4.79	±	0.38	 2.64	±	0.06	 2.15	±	0.38	 0.86	±	0.05	
33-35	cm	 13.41	 NM	 NM	 NM	 NM	
35-37	cm	 14.49	 5.51	±	0.42	 2.53	±	0.07	 2.98	±	0.42	 0.71	±	0.05	
37-39	cm	 15.62	 NM	 NM	 NM	 NM	
39-41	cm	 16.77	 NM	 NM	 NM	 NM	
41-43	cm	 17.97	 6.70	±	0.47	 3.10	±	0.08	 3.60	±	0.48	 0.85	±	0.05	
43-45	cm	 19.02	 NM	 NM	 NM	 NM	
45-47	cm	 19.99	 NM	 NM	 NM	 NM	
47-49	cm	 21.02	 5.52	±	0.42	 2.51	0.10	 3.01	±	0.43	 0.93	±	0.05	
49-51	cm	 22.10	 NM	 NM	 NM	 NM	
51-53	cm	 23.14	 NM	 NM	 NM	 NM	
53-55	cm	 24.32	 4.92	±	0.38	 3.20	±	0.07	 1.72	±	0.39	 1.19	±	0.06	
55-57	cm	 25.13	 NM	 NM	 NM	 NM	
57-59	cm	 26.08	 NM	 NM	 NM	 NM	
59-61	cm	 26.86	 5.15	±	0.37	 2.83	±	0.07	 2.32	±	0.38	 1.48	±	0.05	
61-63	cm	 27.72	 NM	 NM	 NM	 NM	
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63-65	cm	 28.67	 NM	 NM	 NM	 NM	
65-67	cm	 29.58	 3.91	±	0.44	 2.52	±	0.08	 1.39	±	0.44	 1.48	±	0.06	
67-69	cm	 30.46	 NM	 NM	 NM	 NM	
69-71	cm	 31.27	 NM	 NM	 NM	 NM	
71-73	cm	 32.04	 4.99	±	0.49	 2.84	±	0.09	 2.14	±	0.49	 2.46	±	0.09	
73-75	cm	 32.87	 NM	 NM	 NM	 NM	
75-77	cm	 33.71	 NM	 NM	 NM	 NM	
77-79	cm	 34.55	 4.47	±	0.44	 2.84	±	0.09	 1.63	±	0.45	 3.22	±	0.10	
79-81	cm	 35.34	 4.75	±	0.49	 2.28	±	0.09	 2.46	±	0.50	 3.58	±	0.10	
81-83	cm	 36.13	 4.37	±	0.33	 2.61	±	0.08	 1.76	±	0.33	 5.01	±	0.11	
83-85	cm	 36.95	 3.76	±	0.44	 2.61	±	0.10	 1.15	±	0.45	 4.96	±	0.13	
85-87	cm	 37.85	 3.92	±	0.48	 2.93	±	0.10	 0.99	±	0.49	 3.70	±	0.11	
87-89	cm	 38.73	 NM	 NM	 NM	 NM	
89-91	cm	 39.76	 NM	 NM	 NM	 NM	
91-93	cm	 40.79	 4.67	±	0.39	 2.04	±	0.07	 2.65	±	0.40	 1.90	±	0.07	
93-95	cm	 41.83	 NM	 NM	 NM	 NM	
95-97	cm	 42.92	 4.17	±	0.41	 2.37	±	0.07	 1.80	±	0.42	 0.34	±	0.04	
97-99	cm	 43.99	 4.50	±	0.35	 2.87	±	0.07	 1.63	±	0.36	 0.05	±	0.05	
	 	 	 	 	 	
FLD-9	
0-1	cm	 0.13	 9.23	±	0.49	 2.72	±	0.10	 6.47	±	0.25	 0.48	±	0.05	
1-2	cm	 0.34	 NM	 NM	 NM	 NM	
2-3	cm	 0.55	 10.03	±	0.60	 3.06	±	0.11	 6.00	±	0.27	 0.37	±	0.05	
3-4	cm	 0.84	 NM	 NM	 NM	 NM	
4-5	cm	 1.07	 7.79	±	0.53	 2.49	±	0.10	 7.26	±	0.32	 0.41	±	0.06	
5-6	cm	 1.37	 NM	 NM	 NM	 NM	
6-7	cm	 1.69	 7.54	±	0.49	 1.23	±	0.08	 6.69	±	0.25	 0.27	±	0.06	
7-8	cm	 1.95	 NM	 NM	 NM	 NM	
8-9	cm	 2.29	 NM	 NM	 NM	 NM	
9-10	cm	 2.62	 8.97	±	0.57	 3.10	±	0.11	 5.65	±	0.22	 0.56	±	0.05	
10-12	cm	 3.33	 NM	 NM	 NM	 NM	
12-14	cm	 3.95	 NM	 NM	 NM	 NM	
14-16	cm	 4.67	 9.04	±		0.60	 0.03	±	0.001	 6.46	±	0.27	 0.41	±	0.05	
16-18	cm	 5.60	 NM	 NM	 NM	 NM	
18-20	cm	 6.44	 NM	 NM	 NM	 NM	
20-22	cm	 7.25	 6.50	±	0.50	 2.70	±	0.09	 4.20	±	0.22	 0.54	±	0.05	
22-24	cm	 8.04	 NM	 NM	 NM	 NM	
24-26	cm	 9.06	 NM	 NM	 NM	 NM	
26-28	cm	 10.11	 4.59	±	0.47	 3.20	±	0.11	 2.21	±	0.19	 1.12	±	0.05	
28-30	cm	 11.23	 NM	 NM	 NM	 NM	
30-32	cm	 12.53	 NM	 NM	 NM	 NM	
32-34	cm	 13.95	 3.50	±	0.37	 1.15	±	0.40	 1.56	±	0.11	 0.75	±	0.05	
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34-36	cm	 15.43	 NM	 NM	 NM	 NM	
36-38	cm	 17.20	 NM	 NM	 NM	 NM	
38-40	cm	 19.06	 2.27	±	0.29	 1.92	±	0.07	 1.02	±	0.08	 0	
40-42	cm	 20.94	 NM	 NM	 NM	 NM	
42-44	cm	 22.76	 NM	 NM	 NM	 NM	
44-46	cm	 24.78	 2.00	±	0.29	 2.19	±	0.07	 1.00	±	0.12	 0	
46-48	cm	 26.71	 NM	 NM	 NM	 NM	
48-50	cm	 28.73	 NM	 NM	 NM	 NM	
50-52	cm	 30.73	 3.31	±	0.35	 2.68	±	0.08	 0.89	±	0.12	 0	
52-54	cm	 33.08	 NM	 NM	 NM	 NM	
54-56	cm	 35.51	 NM	 NM	 NM	 NM	
56-58	cm	 38.03	 1.21	±	0.19	 1.26	±	0.04	 1.09	±	0.08	 0	
58-60	cm	 40.79	 NM	 NM	 NM	 NM	
60-62	cm	 43.64	 NM	 NM	 NM	 NM	
62-64	cm	 46.45	 1.04	±	0.22	 1.47	±	0.05	 0.46	±	0.42	 0	
64-66	cm	 49.27	 NM	 NM	 NM	 NM	
66-68	cm	 52.21	 NM	 NM	 NM	 NM	
68-70	cm	 53.57	 2.13	±	0.31	 1.65	±	0.06	 0.06	±	0.06	 0	
70-72	cm	 56.40	 NM	 NM	 NM	 NM	
72-74	cm	 58.39	 0.96	±	0.25	 1.25	±	0.05	 0.62	±	0.07	 0	
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Large-scale watershed land use changes, including urbanization, have resulted in 
accelerated soil erosion and sediment accumulation rates, which in turn have posed a threat to the 
longevity and productivity of a majority of the aging dams in the mid-western United States. In 
this study, we collected and analyzed 3 sediment cores each from two dams from the Mid-
western United States: Webber Dam in Michigan and Goshen Pond Dam in Indiana.  Cores were 
analyzed for 137Cs and 210Pb to establish chronology, as well as concentrations and isotopic 
composition of organic carbon and nitrogen to investigate the land use changes as preserved in 
the sedimentary records. We used three existing excess 210Pb-based (210Pbxs) sedimentation rate 
models (constant 210Pb flux and sedimentation (CFCS), constant rate of supply of 210Pb (CRS) 
and constant initial 210Pb concentration (CIC)) to obtain the chronology and compared it to the 
137Cs-peak based chronology. The validation of 137Cs peak-based chronology requires more than 
one 210Pbxs-based-models for a given a reservoir and hence even in one watershed, more than one 
210Pbxs-based model may have to be applied to compare with another independent time marker. 
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We compared the δ13C and δ15N and C/N ratios in three time horizons in each of three cores 
(surface 0-1 cm corresponding to 2010, year 1970 and 1950) and our results sometimes show 
large variations between the three cores for a given time horizon indicating that the sources of C 
and N and the processes that result in changes of carbon and nitrogen isotopes could differ. This 
study indicates that more than one sediment core analysis is required from lakes for quantitative 
reconstruction of carbon and nitrogen isotopes for paleo-climatic and environmental studies. 
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